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BY   JOHN    BENNET    LAWES.    F.R.S.,  F.C.S. 


log  and  feeding  of  stock  most  alwayg 
I  important  branch  of  the  agricuhural 
ii  Island.  With  a  climate  rarelj  so  hot 
mmer,  or  so  cold  in  winter,  as  to  mate- 
fegetatioD,  Ireland  may  not  less  truly 
ly  be  styled  the  Emerald  Isle.  A  suc- 
BODS  more  than  usually  onfavourable  for 
■greall J  reduced  the  profits,  and  even  the 
ly  of  your  farmers.  It  is  natural,  there- 
!!•  ahoold  be,  at  the  present  time,  more 
cted  to  the  production  of  meat,  and  less 
of  com ;  more  especially  as  with  the  de- 
of  grain  that  of  meat  has  considerably 
id    haa  probably  not  yet  reached  its 

* 

tie  application  of  science  to  agriculture 
ly  regarded  with  much  favour  by  prac- 
there  are  still  very  many  who  feel  liow 
it  would  be  to  know  more  of  the  ra- 
ir  operations  than  they  do  at  present. 
;  principles  involved  even  in  old-esfab- 
aa  are  frequently  but  little  understood  ; 
;  la  every  year  becoming  less  and  less 
ntine  business  than  it  was  formerly : 
iw  manures,  improved  descriptions  of 
dy  and  new  medianical  appliances  are 
ing  introduced,  requiring  more  know- 
rimination  in  their  selection  and  use. 
lar  branch  df  agriculture  upon  which  I 
Mir  to  address  you  this  evening  is  that 
ion  of  meat  and  manure. 
tbatwhenfatteniog  animals  aresupplied 
It  amount  of  proper  food  they  increase  in 
ion  of  the  food  being  fixed  or  stored  up  in 
.1  other  portions  are  rejected  by  the  ani- 
lid  and  solid  form,  and  serve  as  manure ; 
a  are  expended  or  lost  in  the  processes 
and  cntaneons  exhalation.  Experience 
IS  that  some  foods  have  higher  feeding 
ihen,  and  it  is  generally  supposed  that 
■ea  in  feeding  properties  there  wiii  also 
e  iff  ihe  wtUue  of  the  wMure. 


It  is  the  province  of  agricnltural  ohemiatry  to  de- 
termine what  proportion  of  the  several  constituenu 
of  the  food  consumed  will  be  stored  up  in  the  form  of 
meat,  and  how  much  will  remain  as  manure,  accord- 
ing to  the  description  of  animal,  and  the  kind  of  food 
employed ;  and  so  to  provide  the  means  of  estimating 
the  value  of  the  respective  products  of  the  feeding 
operation.  To  this  end,  it  is  necessary  to  determine, 
by  means  of  careful  analysis,  the  composition  of  the 
foods  consumed,  of  animals  in  the  store  or  lean  and 
in  the  fat  condition,  and  of  the  mannrial  matters 
voided.  Such  an  undertaking  is,  however,  by  no 
means  a  light  one,  and  it  can  only  be  carried  out  with 
any  prospect  of  succesa  bj  the  conjoint  aid  of  expe- 
riments on  a  large  scale  in  the  feeding -shed,  and  of 
investigations  in  the  laboratory,  involving  a  great 
amount  of  analytical  labour,  and  requiring  the  obser- 
vance of  all  the  refinements  of  method  which  modem 
science  permits. 

I  propose  to  bring  before  you  a  condensed  sum- 
mary of  some  of  the  results  which  have  been  obtained 
in  experiments  made  at  different  times  during  the  last 
twenty  years,  at  my  farm  and  laboratory,  at  Botham- 
sted,  in  Hertfordshire.  There  are,  it  is  true,  many 
points  which  are  not  as  yet  satisfactorily  cleared  up, 
and  some  of  these  are  still  under  investigation.  The 
figures  given  in  the  tables,  in  most  cases,  how- 
ever, represent  the  results  obtained  in  careful  experi- 
ments with  large  numbers  of  animals  of  each  of  the 
descriptions  indicated,  and  they  may  be  taken  as 
showing  what  should  be  the  average  result  obuioed 
in  ordioary  farm  practice,  .when  animals  of  fiaur  quality 
are  fed  liberally  for  the  butcher. 

Composition  of  Oxen^  Sheep,  and  Pig*,  in  the  Store 
and  Fat  Condition, 

For  the  purposes  of  my  illustration,  I  shall  assume 
that  an  ox  or  a  sheep  will  increase  in  weight  by  about 
one-half,  and  that  a  pig  will  double  its  weight  during 
the  so-called  fattening  period.  Aooocdin^^  I  shall 
direct  your  at\«n!iioii  va  i^^  ^^mvMSc^V^Sl  ^•^^ 
these  deictip\ioT»oiaiamiXii\«BL\siVXiift>w«^^^^ 
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MDta  giTsn  bcioK  tbe  nitroBnoni 
tbe  Bon-nitrogcooni  intmance  or 

locomboHlble  mktter,  tbe  (am  of 
rabitMiee,  and  the  water. 
I  nliroKmoiu  inbituiM,  It  U  Men 
rtptlon  of  aoimat  there  tn  wre- 
or  tt  In  tbe  t»t  Umn  bi  the  •tore 

on  the  other  hand,  there  li  in  the 
[en  and  the  ibeep  necrlf ,  and  In 
',  twice  M  mnch  la  100  n».  lire 


ij  gener«ll;  attributable  to  the  chancter  of  I 
and  is  found  to  remit  when  too  mnch  oily  i 
giveo,  or  when  pigi  are  fed  freel;  with  rooli 
auccnleot  food. 

iVeporfton  of  Partt,  in  Animah  of  different 
tiara,  and  in  diffirtat  ConiJitibni  ofMatti 

Paniog  from  tbe  qoeition  of  the  chemical 
•itionofoxcD,  ebeep,  and  pigs,  it  will  bed 
before  toniiderlng  the  relation  of  the  Incn 
manure  prodoced  to  thtt  of  the  food  ec 
hriefl;  to  point  ont  lome  characieriitlc  dlUbi 
■tnictore  or  relatire  proportion  of  certain 
latemil  organj,  as  Id  theM  will  be  fonnd  the  k 
difference  in  the  diaracter  and  amonnt  of  foe 
tbe  three  deicriptioni  of  animal  reipcctlTel; 
Table  IL  illutratei  thli  part  of  the  mbject 
Taxli  II.— Adiitua  of  Parti  i»  AnimaU  4/ 

Dttcripliotu,  anil  m  d^trtKt  CondUioiu  <tf  l/i 
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In  dlfrcront 

[nShet 
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iheep  eontainfl  only  7},  and  that  of  the 
be  Of  intestines  and  contents,  on  the 
le  ox  contains  only  2},  the  sheep  3^,  and 
ar  cent  Again,  of  stomachs  and  intes- 
iir  xcepectiTe  contents)  taken  together, 
una  aboot  14^,  sheep  about  11,  and 
cant.  Thus,  of  the  receptacles  and 
nriea  of  the  food,  the  oxen  contain 
tSeBtt  and  pigs  by  far  the  smallest  pro- 
h  would  appear  to  indicate  a  great  di£fer- 
q^dTCBient  forbnlk  of  food,  snch,  indeed, 
irealitjeziats.  Oxen  reqaire  a  larger  pro* 
M)dj  fibre  In  their  food  thmn  sheep,  and 
nora  than  pigs.  On  the  other  hand,  the 
ig  contains  much  more  starch,  or  allied 
tter»  than  that  of  sheep,  and  that  of  sheep 
at  of  oxen,  reckoned  in  relation  to  the 
e  animal ;  and  it  is  known  that  starch 
s  primary  change  (into  sngar)  almost 
le  kngth  of  the  intestinal  canal.  Accord- 
■rra  that  the  pig  has  a  larger  proportion 
kban  the  sheep,  and  the  sheep  more  than 

nrther  elaborating,  or  what  we  may 
sd  loboor  organs  of  the  body,  and  their 
ittrty  lirer,  laogs,  blood,  &c.— >the  pro* 
M  to  be  nearly  the  same  in  the  three  des- 


HTtioa  of  internal  or  loose  fat  is  greater 
than  in  the  oxen ;  but  it  should  be  ob- 
a  large  proportion  of  the  sheep  contri- 
te average  result  given  in  the  table  were 
fwioed  state  of  fatness  than  the  oxen. 
atirelj  small  proportion  of  internal  fat 
aecoonted  for  by  the  peculiarities  of  the 
B  proportion  of  its  internal  organs  is 
J  nnall,  and  its  speciality  is  to  lay  on 
cr  proportion  outside  the  frame. 
I  portion  of  the  table  shows  the  varying 
Iho  different  parts  in  one  and  the  same 
^animal,  accordiog  to  its  degree  of  ma- 
ioiznals  selected  for  illustration  of  this 
Mp.  Becords  not  given  in  the  table 
B  the  animals  grew  and  fattened,  the 
^  per  bead,  of  stomachs  and  contents 
idmtmblj  ;  that  the  intestines  and  con- 
n  mn^  IcM  degree ;  that  the  internal 


loose  fk  t  was  more  than  trebled ;  and  that  the  othar 
internal  parts,  and  their  fluids,  collectively,  increased 
in  nearly  the  same  proportion  as  the  stomachs  and 
contents.  The  general  result  was,  that  the  total  ofial 
parts  increased  in  actual  amount  from  the  store  to  the 
very  fat  condition  in  the  proportion  of  about  1  to  1} ; 
but  the  total  carcass  parts  augmented  from  1  to 
nearly  2j — ^mnch  more,  therefore,  than  the  total  offal 
parts. 

Turning  now  to  the  figures  in  the  table,  it  is  seen 
that  the  jfeat  cent.,  or  proportion  in  100  parts,  of  all  the 
internal  organs  and  parts,  excepting  the  loose  fat, 
diminished  very  considerably  as  the  animals  matured 
and  fattened.  Whilst  the  total  offal  parU  diminished 
from  45.2  in  the  store,  to  40.6  in  the  fat,  and  to  853 
per  cent,  in  the  very  fat  condition,  the  carcass  parts 
increased  from  58.4  in  the  store,  to  58.7  in  the  fat, 
and  to  64.1  per  cent,  in  the  very  fat  condition.  That 
is  to  say,  the  so-called  offal  parts,  which  are  chiefly 
composed  of  the  organs  of  reception,  elaboration,  and 
transmission  of  the  food  constituents,  increase  in  very 
much  less  proportion  than  those  parts  which  it  is  the 
object  of  the  feeder  should  be  produced  from  the  food 
consumed. 

Eolation  qf  the  Increase,  Manure^  and  Loss  by  ReS" 
piraiiony  to  the  Food  consumed j  by  different  Animals. 

We  now  come  to  the  question  of  the  description 
and  amount  of  food  consumed  by  the  different  ani- 
mals to  produce  a  giTen  amount  of  increase,  and  to 
the  collateral  questions  of  the  relation  of  the  consti- 
tuents in  the  increase  and  in  the  manure  to  those  in 
the  food  consumed. 

Table  III.  shows  the  amounts  of  certam  foods 
assumed  to  be  required  for  the  production  of  100 
lbs.  of  increase  in  live  weight — of  oxen,  sheep,  and 
pigs,  respectively.  The  amounts  will,  of  course, 
vary,  according  to  the  quality  of  the  animal,  the 
stage  of  its  development,  the  external  conditions 
to  which  it  is  subjected,  the  description  and  quality 
of  the  food,  and  so  on ;  but  the  quantities  assumed 
are  approximately  those  which  will  be  required,  taking 
the  average  of  large  numbers  of  animak  over  the 
whole  period  of  fattening,  and  supposing  foods  of  the 
descriptions  indicated,  and  of  good  quality,  are  em- 
ployed, and  that  other  conditions  are  moderately 
favourable. 


Tablb  in. 
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JE  III.— food;  TnertoH^  Manure^  ^c,  of  FiUiening  Animalt. 

OXEN. 


250  lbs.  Oil-cake         1      Produce 
600  lbs.  Clover  Chaff   >     100  lbs. 
8,500  lbs.  Swedes           j    Increase, 
and  Supply — 

100  Total  Dry  Substance  of 
Food  supply — 

Amount  ofeach  con- 
stituent stored  up, 
for  100  of  it  con- 
sumed. 

In  Food. 

In 

100  lbs. 
Increase. 

In 
Manure. 

To  Respi- 
ration, &C. 

In 
Increase. 

In 
Manure. 

To  Respi- 
ration, &c 

lbs. 

218 

808 

83 

lbs. 

9.0 
58.0 

1.6 

lbs. 
X  828.0 
81.4 

lbs. 
636  1 

0.8 
5.2 
0.2 

X     29.1 
7.4 

57.8     -f 

4.1 

7.2 
1.9 

1109          68.6 

1 

404.4 

636 

6.2 

86.5 

57.8 

SHEEP. 


250  lbs.  Oil-cake         *)      Produce 
800  lbs.  Clover  Chaff  V     100  lbs. 
4,000  lbs.  Swedes           J     Increase, 
and  Supply— 

100  Total  Dry  Substance  of 
Food  Supply— 

Amount  of  each  con- 
stituent stored  up, 
for  100  of  it  con- 
sumed. 

Fn  Food. 

In  ' 
100  lbs. 
Increase. 

In 
Manure. 

To  Respira- 
tion, &c. 

In 
Increase. 

In 
Manure. 

To  Respi- 
ration, &c 

lbs.     1     lbs. 

177           7.5 

671         63.0 

61           2.0 

lbs. 
X      229 
62 

lbs. 
548.5  / 

0.8 
7.0 
0.2 

X     25.1 
6.8 

60.1     -f 

4.2 
9.4 
8.1 

912 

72.5 

291 

548.5 

8.0 

81.9 

60.1 

riQ8. 


500  lbs.  Barley  meal  produce  100  lbs. 
Increase,  and  Supply— 

100  Total  Dry  Substance  of 
Food  Supply — 

of  each 
ent  stor'd 
iOOof  it 
imed. 

In  Food. 

In 
100  lbs. 
Increase. 

In 
Manure. 

To  Respi- 
ration, &c. 

In 
Increase 

In 

Manure. 

To  Respi- 
ration, occ. 

~  3 ».  a 

d  —  o  9 
2  •'*"  8 

lbs. 

52 
857 

11 

lbs. 

7.0 
66.0 

0.8 

lbs. 
X     59.8 
10.2 

lbs. 
276.2  / 

1.7 

15  7 

0.2 

X     14.3 
2.4 

65.7  / 

13.5 

18.5 

7.8 

420 

73.8 

70.0 

276.2 

17.6 

16.7 

65.7 

ferent  foods  recorded  in 
after  a  very  careful  con- 
umeroos  experiments  on 
Lod  after  the  illustrations 
B  different  proportions  of 
escriptions  of  animal^  it 
ire  the  variations  in  the 
9od  recorded  as  required 
itu,  to  produce  th«  tame 


amount  of  increase,  oxen  consume  a  much  larger 
proportion  of  hay,  containing  £0  much  indigestibli 
matter,  than  sheep ;  whilst  pigs  are  fattened  on  a  diet 
as  concentrated  and  containing  as  little  indigeatibU 
suhstanoe  as  eom  alone.  The  actual  amounts  of  food 
assumed  to  be  required  for  the  production  of  100  lbs. 
incrsaie  in  live  weight  are — for  oxen,  250  \hf,  of  oil- 
cake, 600  lbs.  of  hay-chaff,  and  8,500  lbs.  of  swedes ; 
for  theep,  ^60  \\>t.  of  oil-cake,  900  lbs.  of  hay-chaff 
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and  ifiOO  Ibt.  of  swedes ;  and  for  pigs,  500  lbs.  of 
hirkj  mea]. 

II  will  be  remembered  that  when  speaking  of  the 
SMpodtion  of  the  animals  themselyes,  their  consti- 
tocota  were  grouped  under  the  beads  of  nitrogenous 
Iiiliitance,non-nitrogenon8  sabetance,  mineral  matter, 
ad  total  dry  substance,  and  the  same  classification  is, 
ftreonreoieDce  of  comparison,  adopted  in  reference 
10  the  composition  of  the  food,  increase,  and  manure, 
sf  the  differeot  animals  as  recorded  in  Table  III. 

As  the  food  of  the  pig  is  the  most  simple,  I  will  direct 
TOOT  attention  to  the  figures  relating  to  it  in  the  first 
place.  These  will  be  found  in  the  lowest  diyision  of 
tbe  table. 

The  500  lbs.  of  barlej  meal  consumed  in  increasing 
tVe  weight  of  the  pig  from  100  to  200  lbs.  contains 
430  lbs.  of  dry  substance,  and  the  100  lbs.  increase  in 
fifs  weight  produced  bj  it  not  quite  74  lbs. ;  about  70 
Ik  remain  in  the  manure,  and  276  out  of  the  420 
Hh  consumed  are  expended  in  respiration,  and  other 
odialations  from  the  bodj.  Nearly  two-thirds  of  the 
wbals  dry  substance  consumed  hare,  therefore,  been 
cqmded  in  keeping  in  working  order  the  living  meat 
nd  manure-making  machine. 

Looking  to  the  colamn  showing  the  composition  of 
tki  100  IIm.  of  increase,  it  is  seen  that  it  contains 
Oily  7  lbs.  of  nitrogenous  substance,  and  66  lbs.,  or 
■we  than  9  times  as  much  non-nitrogenous  sub- 
rtmes  or  fkt,  whilst  the  mineral  matter  does  not 
iBoont  to  1  per  cent.  The  general  resolt  is,  then, 
tbn  nearly  two-thirds  of  the  fattening  increase  in 
fifS  weight  were  pure  fat  itself,  and  only  about  one- 
fiwrtaenth  of  it  nitrogenous  substance  or  lean  meat. 

But  to  produce  the  7  lbs.  of  nitrogenoas  substance 
is  inereaae,  52  lbs.  were  consumed  in  food  ;  by  far 
tko  greater  part  of  the  remainder  being  found  in  the 
assure.  To  produce  the  66  lbs.  of  fat,  357  lbs.  of 
ioa*aitrogenous  subsunce  were  consumed ;  but  as  it 
eiisced  in  the  food  almost  entirely  in  the  form  of  starch, 
and  as  It  requires  about  2|  parts  of  starch  to  form  1 
0f  fat,  it  may  be  said  that  at  least  165  lbs.  of  the 
aoo-mtrogenoos  substance  consumed  contributed 
pretqr  directly  to  the  formation  of  the  66  lis.  of  fat. 
Lsstly  in  reference  to  the  increase :  of  the  11  lbs.  of 
idneral  matter  consumed,  only  about }  lb.  were  stored 
sp  in  the  increase  of  the  animal. 

It  is  obserred,  then,  that  a  comparatively  small 
proportion  of  either  the  nitrogenous  substance,  or  the 
aiacral  matter  of  the  food,  is  retained  in  the  increase ; 
the  manure,  on  tbe  other  hand,  retains  a  very  la^e 
proportion  of  the  former,  and  nearly  the  whole  of  tbe 
uttier . 

Of  100  pirts  of  gross  dry  substance  consumed, 
1.7  parts  of  nitrogenous  substance,  15J  of  fat,  and 
0  2  of  miners)  mMUer—iaMlI  17,6  p&rtS'-ATe  stored  up 
ia  tbe  iaaipMse;  14.3  ptuUj  consisting  of  highly  nitro- 


genous organic  matter,  and  2.4  parts  ( 
matter,  making  a  total  of  16.7  parts,  are  : 
tbe  manure ;  and  65.7  parts,  consisting  chi< 
bon,  hydrogen,  and  oxygen,  are  lost  by  r 
&c.  Or,  if  we  reckon  the  proportion  of  ea 
constituents  consumed,  which  is  stored  up 
crease,  the  last  column  of  the  table  shows  ( 
of  nitrogenoas  substance  consumed,  13.5  pa 
non-nitrogenous  substance  consumed,  18.5 
of  100  mineral  matter  consumed,  7.3  pa 
tained  in  tbe  increase. 

It  will  not  be  necessary  to  follow  so  < 
figures  in  the  table  relating  to  the  sheep 
It  will  suffice  to  direct  attention  to  the  c 
renccs  of  result  obtained  with  the  three  desc 
animal. 

Whilst  the  pig  required  only  420  lbs.,  th 
quired  912  lbs.,  and  the  oxen  1,109  lbs.  of  drj 
in  food  to  produce  100  lbs.  increase  in  lire  * 
other  words,  the  sheep  consumed  more  thi 
much,  and  the  oxen  more  than  two  and  a 
as  much,  to  produce  agiven  amount  of  incn 
pig.  But  the  food  of  the  pig  was  of  a  much  I 
ractcr  than  that  of  the  other  animals.  Wh 
sisted  entirely  of  highly  elaborated  grain, 
sembling  human  food,  the  food  of  the  oth( 
contained  a  large  amount  both  of  woody  fl 
crude  succulent  roots ;  that  of  tbe  ox  com 
largest  proportion  of  hay,  with  its  high  pei 
indigestible  woody  matter. 

Turning  to  the  columns  giving  the  com 
100  parts  of  the  increase,  they  show  that 
of  tbe  pig  contained  73.8  parts  of  dry 
that  of  tbe  sheep  contained  rather  less,  a 
the  oxen  rather  less  still.  The  proportion 
was  greater  in  the  increase  of  the  pig  tha 
of  sheep,  and  greater  in  that  of  the  shec 
that  of  the  oxen.  The  contrary  waj«,  ho 
case  with  the  proportion  of  nitrogenous 
which  was  the  greatest  (9  per  cent.)  in  ll 
of  the  oxen.  less  (7.5  per  cent.)  in  that 
and  less  still  (7  per  cent.)  in  that  of  pig 
be  observed,  too,  that  the  per  ccntage  « 
matter  in  the  increase  of  the  ox  and  sh( 
siderably  higher  than  in  that  of  the  pig 
even  rather  higher  in  the  case  of  sheep  t 
Independently  of  any  essential  diflcrencefl 
ture  in  the  diflereut  animals,  this  result 
due  to  the  fact  that  sheep  and  oxen,  especi 
develope  bony  structure  during  the  fatteni 
more  than  pigs.  It  is  true  that  both  sheej 
are,  compared  with  oxen,  fattened  at  \ 
stage  of  their  development ;  but  not  only 
more  natutaWj  to^o*^^  Vi  l«X\&\i\^^v^'a"^ 
frame  very  eac\^  \tvVC\a  ^w^«t^\^  ^'^l' 
plied  wiiU  ^ro\wit  lviO^,^i>^^  ^•^^  ^"^^^"^ 


3  last  column  ot  tDe  taDie  snows  that 
ogenotis  substance  of  food  consumed, 
d  sheep  stored  up  little  more  than  4, 

about  13.5  parts ;  that  for  100  non- 
substance  in  food,  the  oxen  yielded  7.2, 
).4,  and  the  pigs  18.5  parts  of  fat  in 
id  that  for  100  mineral  matter  con- 
oxen  stored  up  1.9,  the  sheep  3.1,  and 
parts. 

irj  much  larger  proportion  of  the  con- 
tiie  food  of  the  pig  than  of  that  of  oxen 
lonld  be  stored  up  as  increase  is,  how- 
hat  we  should  expect,  when  we  consider 
mer  consists  of  matured  grain,  and  the 
r  of  comparativelj  immatured  vegetable 
taining  a  large  proportion  of  indigestible 
ir,  and  also  a  larger  amount  of  nitroge- 
neral  matter  in  proportion  to  its  diges- 
lilable  non-nitrogenous  constituents. 
t  the  pig,  with  his  much  higher  character 
e  so  much  more  increase  than  the  sheep 
amount  consumed,  and  the  sheep  more 
,  the  ox  returned  as  manure  36.5  per 

dry  substance  he  consumed,  the  sheep 
d  the  pig  only  16.7  per  cent.  The  pro- 
he  consumed  matter  that  was  lost  by 
ras,  on  the  other  hand,  rather  the  lowest 
,  namely,  57.8  per  cent. ;  whilst  with  the 
60.1,  and  with  the  pig  it  was  65.7  per 


The  first  column  of  this  table  shows  tbat^ 
pig  increases  from  6  to  6J  per  cent,  of  its  W' 
week,  the  sheep  increases  only  1},  and  the 
more  than  1  per  cent.  No  wonder,  then  (t< 
thing  of  the  difference  in  the  character  of  tl 
that  the  oxen  and  sheep,  requiring  so  muc 
time  to  add  a  given  proportion  to  the  weigh 
bodies,  should  consume  so  much  more  food 
much  more  as  manure,  and  expend  so  mncl 
respiration,  for  a  given  amount  of  increaae  { 
as  we  have  seen  they  do. 

The  other  columns  of  the  table  show,  howl 
neither  the  amount  of  dry  substance  of  food  cc 
nor  the  amount  lost  by  respiration,  by  a  giyi 
of  animal  within  a  ^iven  time,  is  in  excess 
pig  in  anything  like  the  proportion  that  its 
exceeds  that  of  the  other  animals.  In  othe 
the  much  higher  character  of  the  food  of  the] 
itself  in  the  much  greater  rapidity,  and  t 
greater  proportion,  of  its  conversion  into  n 
most  valuable  product  of  the  feeding  operatl 

Lastly,  in  regard  to  the  results  in  this  ta 
remarkable  that,  whilst,  for  a  given  weight  oi 
within  a  given  time,  the  amounts  of  incream 
and  of  dry  substance  consumed  in  food,  and  lo 
piration,  are  so  very  different  for  the  different 
the  amounts  of  dry  substance  voided  in  ex 
are  almost  identical.  I  shall  show  fnrthei 
ibe  limit  of  consumption  is  much  regulate 
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$(  4i)riDg  tlia  f^tteuiog  proceu  the  propor- 

I  gif^a  weight  of  the  body,  of  water,  mioeral 

ftsd  Bitiogeiioiu  compouiidf  decreaies,  whilst 

ba  fat  Teiy  considerably  increases. 

at  the  carcaaa  parts  or  saleable  meat  iocrease 

pidlj  than  the  internal  parts  or  offal. 

al  the  amount  of  dry  substance  of  food  re- 

0  produce  a  given  weight  of  increase  is 
ith  the  ox  than  with  the  sheep,  and  larger 

1  ih^ep  than  with  the  pig. 

at  the  dry  substance  of  the  food  of  the  ox 

A  larger  proportion  of  .indlgeatible  noatter 

t  of  sheep,  and  that  of  sheep  more  than  that 

at  oxen  require  from  5  to  6,  aad  sheep  from 
BMi  as  moch  time  to  add  a  given  proportion 
reight  of  their  bodies  as  pigs, 
at  the  greater  portion  of  the  nitrogenous  and 
mattera  of  the  food  is  recovered  in  the  ma- 
ul that  the  greater  part  of  the  non-nitro- 
abatance  is  lost  by  respiration,  and  other  ox- 
I — a  much  smaller  proportion  being  retained 
crease,  or  voided  in  the  manure. 
at  for  a  given  amoont  of  increase  produced, 
id  considerably  more  substance  as  manure, 
md  more  in  respiration,  &c.,  than  sheep,  and 
ffy  much  more  than  pigs. 
lat  for  a  given  weight  of  dry  substaDCo  con- 
naen  void  more  as  manure  than  sheep,  and 
pch  more  than  pigs ;  but  oxen  respire  rather 
I  sbcepi  and  sheep  rather  less  tlian  pigs. 
lat  in  proportion  to  a  given  wel^^ht  of  animal, 
I  given  time,  oxen  both  consume  and  respire 
aubstance  of  food  than  sheep,  and  sheep  very 
pa  than  pigs ;  but  they  void  almost  identical 
I  of  dry  substance  as  manure. 

parativt  Feeding/  Value  of  different  Foods , 
according  to  their  Composition, 

hr  I  have  endeavoured  to  iodicato  the  cha- 
Lie  points  of  distinction  between  the  food  of 
the  sheep,  and  the  pig,  and  to  show  in  what 

ita  constituents  are  differently  disposed  of  by 
fcnt  animals;  and  for  the  purposes  of  my  illns- 

I  haye  supposed  the  animals  to  be  fed  on  such 
I  are  recognised  as  appropriate  to  them,  and 

proportion  and  amount  as  experience  justifies. 
propose  to  say  a  feir  words  on  the  relative 

properties  of  different  foods,  according  to 
ippoiitioD. 

iog  oat  of  view,  just  now,  the  incombastiUe 
era!  constituents,  it  will  be  convenient,  as 
to  oonaider  the  other  constituents  of  food  to 
iped  under  the  heads  of  nitrogenous  and  nou- 
DOII0  jnhstsflcef. 
i(fSJh  aitngeaQOi  iuh§tuiG9s,  th9  mo0t  im- 


portant of  those  which  enter  into  our  stock  foods  are 
albumen,  casein,  legnmin,  and  gluten ;  and  chemists 
and  physiologists  are  accustomed  to  speak  of  these — 
the  nitrogenous  compounds— as  the  flesh-forming 
substances. 

The  non-nitrogenous  constituents  of  our  stock 
foods  are  starch,  sugar,  gum,  pectin,  oil,  and  cellu- 
lose, or  woody  fibre  in  diflbrent  conditions  of  digesti- 
bility or  induration.  The  non- nitrogenous  com- 
pounds are  spoken  of  as  the  respiratory  or  heat-pro- 
ducing, and  fat-forming  substances. 

Nuw,  writers  on  agricultural  chemistry  and  physio- 
logy have  generally  assumed  that  it  is  chiefly  the 
proportion  of  the  nitrogenous  or  so-called  flesh-forra- 
in;;  substances  contained  in  them,  which  determines 
the  comparative  value,  for  feeding  purposes,  of  different 
foods. 

The  coloured  diagram  before  you  will  enable  you 
to  judge  whether  or  not  this  supposition  is  justified 
by  the  practical  experience  of  feeding.  This  diagram 
has  been  constructed  by  the  animals  themselves. 
They  know  nothing  about  nitrogenous  or  non-nitro- 
genous constituents,  digestible  or  indigestible  cellu- 
lose, and  so  on ;  but  they  arc  gifted  with  an  unerring 
instinct  wliich  enables  them  not  only  to  distinguish 
between  substances  which  are  and  are  not  food,  but 
also  to  select  from  a  variety  of  foodstuffi  those  which 
are  most  suitable  fur  the  requirements  of  the  system, 
and  so  to  indicate  to  us  the  proper  amounts  and  pro- 
portions of  the  different  constituents. 

In  the  ex[>eriments  to  which  the  diagram  refers, 
as  well  as  in  many  others,  the  plan  has  been  to  se- 
lect foods  containing  very  different  proportions  of 
nitrogenous  and  non-nitrogenous  compounds;  in 
fact,  some  containing  two  or  three  times  as  much 
nitrogen  as  others.  We  have  then  given  to  one  set 
of  animals  a  small  fixed  amount  daily,  of  food  con- 
taining a  low  percentage  of  nitrogen,  and  allowed 
them  to  take  as  much  as  they  chose  of  another  footi, 
different  in  composition  in  this  respect.  To  another 
set  we  have  given  a  limited  amount  of  food,  rich  in 
niirogenuus  compounds,  and  allowed  the  animals  to 
take,  ad  liidtumy  of  a  different  description  of  food,  and 
so  on.  In  this  way  they  have  been  enabled  to  fix 
for  themselves  the  limit  of  their  consumption  of  nitro- 
genous and  non-nitrogenous  constituents  respectively, 
according  to  their  wanjts. 

The  diagram  shows  the  results  of  such  experi- 
ments with  pigs ;  and  the  foods  employed  were  Indian 
com  meal,  barley  meal,  bean  meal,  lentil  meal,  bran, 
and  dried  cod-fish,  used  alone,  or  in  combination,  as 
the  case  might  be.  Black  being  taken  to  represent 
nitrogenous  substance,  red  non-nitrogenous  substance^ 
and  green  lola\  dx^  OT\*'QL\i\^  m-^WAx  V^xN.x^^'^^'^^ 
noa-i]ilrog^iio\uxo^<&\Xiftt^^  x.Vkft  ^va^wsiv^^^Mte^ 


non-nitrocenouSf  or  total  organic  matter  consnmed 
in  any  one  experiment  is  reckoned  as  ]00;  and  the 
several  lines  above  the  base  line,  which  is  marked 
100,  indicate  larger  amounts,  corresponding  to  the 
figures  giTCn  at  the  side  of  the  diagram. 

The  upper  portion  shows  the  relative  amounts  of 
each  constituent  consumed  in  each  experiment  per 
100  lbs.  live  weight  per  week  ;  that  is  to  say,  bj  a 
gifen  weight  of  animal  within  a  given  time.  A 
glance  shows  jouthat  the  height  to  which  the  coloars 
representing  the  non  nitrogenous,  or  the  total  organic 
substance  reach  is  very  much  more  uniform  than 
that  indicating  the  consumption  of  nitrogenous  sub- 
itance.  In  fact,  it  is  perfectly  clear  that  the  animals 
were  gn^^ded  in  the  amount  of  food  which  they  con- 
Bumed  by  the  amount  of  non-nitrogenous,  and  not  by 
that  of  the  nitrogenous,  constituents  which  it  supplied. 

But,  according  to  current  theories,  the  amount  of 
nitrogenoas  substance  ought  at  least  to  determine  the 
amoant  of  increase  produced.  The  lower  portion  of 
the  diagram  shows  what  the  animals  have  to  say  on 
this  point  The  arrangement  is  the  same  as  before ; 
but  the  results  show  not  how  much  of  each  class  of 
Bonstituents  was  consumed  by  a  given  weight  of  ani- 
mal within  a  given  time,  but  how  much  was  con- 
lumed  to  produce  a  given  weight  (100  lbs.)  of  in- 
crease. 

Here  again  we  see  that  the  amount  of  either  non- 
utrogenons  or  total  organic  substance  consumed 
rsiried  comparatively  little,  whilst  that  of  the  nitro- 
^nons  substance  consumed  for  the  production  of  a 
^ven  amount  of  increase  varied  from  100  to  over 
MX)  parts. 

It  is  obvious,  therefore,  that  both  the  amount  of 
bod  constmied  by  a  given  weight  of  animal  within  b 
riven  time,  and  that  required  to  produce  a  given 
veight  of  increase,  were  determined  by  the  amount  of 
ivailable  non-nitrogenous  substance  which  the  food 
upplied.  The  quantities  required  would,  doubtless, 
lave  varied  within  even  narrower  limits,  had  all  the 
bods  contai]^  equal  proportions  of  indigestible 
roody  matter. 

It  may  be  observed  that  it  is  doubtful  whether  pigs 
ire  able  to  digest  cellulose,  or  woody  fibre,  at  all ;  but 
here  is  no  doubt,  as  the  investigations  of  ourselves 
nd  others  on  the  point  sufficiently  prove,  that  oxen 
ad  sheep  are  able  to  digest  a  considerable  portion  of 
Dch  matter,  when  it  is  not  in  too  indurated  a  condi- 
ion. 

It  will,  of  course,  be  understood,  that  a  certain 
mount  and  proportion  of  nitrogenous  substance  is 
■sential  in  the  food  of  animals ;  and  if  I  were  asked 
o  state,  in  general  terms,  what  was  the  approximate 
proportion  of  the  nitrogenous  to  the  digestible  non- 
dtrogenous  substances,  below  which  they  should 
lot  esiit  in  the  food  of  oar  stock,  I  should  say 


(though  with  reservations)  about  such  as  we 
them  in  the  cereal  grains;  and  since  few  of 
stock  foods  are  below,  and  many  above,  this  in  tl 
proportion  of  nitrogenous  substance,  it  results  \ 
we  are  more  likely  to  give  an  excess  than  a  d 
cicncy  of  such  constituents,  so  far  as  the  reqairem< 
of  the  animal  are  concerned.  The  valae  of  the  i 
nure  depends,  however,  very  much  on  the  amonn 
the  nitrogen  which  the  food  contains ;  but  to  thisp* 
I  shall  recur  after  directing  attention  to  a  few  n 
points  in  connection  with  the  comparative  valoei 
different  foods  as  such. 

Some  years  ago  we  published  the  results  of  m 
experiments  on  the  equivalency  of  starch  and  sngai 
food,  pigs  being  the  subject  of  the  trial.  Several 
having  each  a  fixed  and  limited  quantity  of  lentil-n 
and  bran  allowed,  one  was  permitted  to  take  as  mi 
starch,  another  as  much  sugar,  and  another  as  m 
of  the  mixture  of  the  two  as  they  chose ;  whilst 
another  experiment  the  animals  were  allowed 
select  at  discretion  from  lentils,  bran,  sng^,  or  star 
each  placed  separately  within  their  reach.  The 
suit  was,  that  sugar  and  starch  were  fonnd  to  ha 
weight  for  weight,  practically  the  same  value  as  » 
stituents  of  food. 

These  resulu  would,  a  priori,  lead  to  an  answer 
the  negative  to  the  much  agitated  question,  whetl 
there  is  any  advantage  in  malting  barley  for  feed! 
purposes.  The  chief  efiect  of  the  malting  proc 
is  to  convert  starch  into  sugar — not,  it  is  true,  atq 
of  exactly  the  same  description  as  that  used  in  ( 
experiments ;  but  there  is  good  reason  for  supposi 
that  malt  sugar  would  have  a  lower  value  th 
cane  sugar  as  a  food  constituent ;  and  direct  expe 
ments,  made  many  years  ago  at  Rothamsted,  hi 
shown  that  a  given  amount  of  malt,  mixed  w 
other  food,  gave  less  rather  than  more  increi 
than  the  amount  of  barley  from  which  it  was  pi 
duced.  It  is  obvious,  too,  that  as  the  conversi 
of  barley  into  malt  is  a  manufacturing  process,  i 
tended  with  considerable  cost,  as  well  as  actual  h 
of  substance,  the  remission  of  tho  duty  on  malt  ei 
ployed  for  feeding  purposes  would  not  be  likely  to 
of  benefit  to  the  farmer,  unless  either  a  given  amotml 
malt  sugar  proved  to  be  of  considerably  higher  fee 
ing  value  than  the  starch  from  which  it  was  prodoO( 
or  the  other  constituents  were  rendered  more  digt 
tible  and  assimilable  by  the  process. 

This  leads  me,  before  leaving  the  subject  of  foo< 
to  make  a  few  remarks  on  some  other  manufactui 
foods  for  stock.  Many  complaints  are  made,  a 
justly  made,  of  the  adulteration  of  oil-cakes;  and 
is  sometimes  asserted  that  cheaper  and  better  foe 
than  the  average  of  cakes  now  in  use  could  be  w 
nufactured  with  advantage  both  to  the  maker  and 
the  feeder.    Lmseed  and  other  cakes  are  themNlT< 


IB  OM  teniea  nuunufaetared  foodi.  Bat  the  object  of 
tht  auumfiurtnrer  is  not  the  prodvotion  of  eake,  bat 
flf  ofl.  If  the  farmer  did  not  aM  the  cake  at  all,  it 
iwM  itill  be  made,  and  the  oil  woald  be  sold  for 
tk%ber  price.  As  it  is,  the  manafactarer  makes 
tiweake  as  a  bje-prodact,  and  the  price  he  gets  for 
it  Mabkt  him  to  sell  his  oil  so  mach  the  cheaper. 

B«t  if  maonfactoriea  were  set  np  for  the  special 
pupoee  of  preparing  foods  for  stock,  the  vhole  cost 
if  ^  midertakings  most  be  charged  apon  the  food. 
Unils,  beans,  peas,  Indian  meal,  barley  meal,  lin- 
mi,  and  other  good  staple  foods  mast  be  used ;  and 
altkoagh  it  might  be  possible  so  to  combine  foods  to- 
that  a  gifen  weight  of  the  mixture  woald 
a  somewhat  higher  feeding  ralue  than  the 
cMpoaent  parts  need  singly,  there  is  every  reason 
toappoee  thai  the  increased  cost  woald  more  than 
eosaterbalance  any  slight  benefit  that  could  be  de- 
mcd  in  that  way.  Nor  do  I  anticipate  that  the  pro- 
ims  of  science  will  aid  as  mach  in  this  direction. 
Coidiniental  foods  have  been  tried,  and  found  want- 
iif ;  and  I  baTO  little  doabt  that  a  similar  result 
till  attend  the  mannfacture  and  ate  of  simpler  food 
■ixtiiiea.  Our  hopes  as  feeders  must  be  in  increased 
Md  cheap  svpplies  of  ordinary  cattle  foods  of  good 
^iili^,  rather  than  in  submittiog  those  we  hare  to 
iMliy  ptoceascis  of  mannfactore. 

The  resolu  arrived  at  in  regard  to  this  portion  of 
As  sibject  maj  be  briefly  summed  up  as  follows : — 

1.  Theoomparatire  feeding  Talne  of  our  current 
Mh  foods  depends  more  upon  the  proportion  of  the 
Cgssdble  non-nitrogenous  substances  they  contain 
Ihsa  190a  their  richness  in  nitrogenous  compounds  ; 
kst  the  richer  the  food  in  nitrogen,  the  more  valu- 
sblewiil  be  the  manure. 

a.  Of  thenon-nitrogenousoonstituents  of  food,  starch 
sad  cane  sugar  haTe,  weight  for  weight,  nearly  equal 
issdlBg  values ;  malt  sugar  has  probably  rather  a  lower 
Tslae  than  either  canesngar  or  starch ;  digestible  cellu- 
lose, iBBoderateproportion,has,forraminantanima]s, 
probably  nearly  tiie  same  value  as  stardi ;  and  fat  or  oil 
have  probably  about  2^  times  the  value  of  starch  for 
lbs  purposes  of  respiration,  or  the  storing  np  of  fat 
in  the  body. 

S.  Soase  advantage  results  in  a  foeding  point 
of  vivw  fipom  the  judicious  mixture  of  a  yariety  of 
oHBamrj  motk  foods;  but  the  benefit  to  be  deriyed 
ia  this  way  is  not  such  as  to  compensate  for  the 
extra  eost  of  a  special  manufiscturing  process  to  at- 
tela  it. 

Cnmsrtibii  between  the  Value  of  the  Manure  and  the 
Compoeition  of  the  Food  conwmed. 

The  next  and  last  branch  of  the  subject  relates  to 
the  eomparatiye  value  of  the  different  constituents  in 
thsllqaid  and  solid  rMiagB  of  the  ttmmt^Bj  and  to 


the  connection  between  the  value  of  the  m 
the  composition  ef  the  food  firom  which  it  is 

I  have  already  pointed  out  that  the  greal 
of  the  carbon,  hjrdrogen,  and  oxygen  ol 
either  passes  into  the  increase  or  off  in  respir 
that  comparatively  little  of  any  of  them  is 
in  manure.  By  far  the  larger  portion  of  the 
and  nearly  the  whole  of  the  mineral  matter 
ore,  however,  so  recovered. 

To  show  the  economic  connection  be 
feeding  of  stock  for  the  production  of  mea 
nure,  and  the  growth  of  corn,  I  propose  t( 
few  results  obtained  in  experiments  on  the 
wheat  by  different  manures.  In  the  ezpe 
question,  wheat  has  been  grown  for  20 
seasons  on  the  same  land. 

In  Table  V.  are  given  the  average  annn 
of  com  and  straw,  and  the  estimated  yield 
per  acre,  over  the  last  12  years,  respective! 
manure,  with  mineral  manure  alone,  wii 
and  nitrogenous  manure  (ammonia  salts), 
farm-yard  manure. 

Table  Y. — Average  annwU  Produce  of  Whea 
maiedyield  ofCarbouy  per  acre,  over  12 , 


ICanurM,  per  acre,  per 


Unmanared 

Mineral  manure  alone   ... 
Mineral  manure  and  400  ) 
lbs.  ammonia  salts      / 
14  tons  furm-yaid  manure 


Average  annual  prodn 


Dressed 
Com. 


Bushels. 

m 

361 


Total 
Com. 


lbs. 

964 

I16r 

8275 

2282 


Stra 


Ibi 
166! 
189' 

421! 


Where  the  farm-yard  manure  was  emplc 
carbon,  as  well  as  more  of  every  other  c 
was  annually  applied  in  manure  than  rem( 
crop.  In  the  other  cases  no  carbon  whi 
supplied  in  the  manure ;  and  yet  it  will  I 
that  where  the  mineral  manure  and  ami 
were  employed  (the  latter  containing  a  lai 
of  nitrogen),  the  yield  of  carbon  was  gi 
where  a  large  amount  of  that  substance  wi 
by  means  of  farm-yard  manure.  This  ci 
have  been  derived  from  the  atmosphere, 
experiments  in  this  field  last  year,  from  1  j 
of  carbon  per  acre  were  removed  in  the  crc 
any  being  supplied  in  manure;  but  in  1 
laige  quantities  of  nitrogen  were  supplied. 

The  quantity  of  carbonic  acid  required 
tons  of  carbon  to  the  crop  is  about  as  muc 
be  given  off  into  the  atmosphere  in  a  year 
viduals  of  a  mixed  population  of  both  sei 
ages,  and  it  will  be  seen  that  it  is  under  tli 
of  ammoniacal  or  nitrogeuouA\na:Q»s^^3Qa 
amount  of  catboti  \iaA  \)^ti  ^'x»iVa.>^^'^ 
carbonlo  ao\d  oi  X\i<^  «xxixQ«v^\i^(iA* 
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Fable  in.  thowedhow  tmall  wm 
nitrogen  coniumed  by  »n  ani- 
rai  ftored  np  in  iti  increaae  and 
lat.    If  there  were  none  of  the 
lost  in  the  Yariooi  exhalations 
rhole  of  that  not  stored  np  in 
mod  in  the  manure.    But  the 
seWei  and  others  show  that  a 
)  nitrogen  is  so  lost.    Our  own 
Dine  the  limit  of  this  loss,  and 
der  which  it  is  greater  or  less, 
ir  back  as  1847,  and  hare  been 
from  that  time  to  the  present ; 
few  years  we  have  collected  a 
lental  data  on  the  subject;  but 
inalytical  work  is  not  yet  oon- 
that  I  am  in  a  position  to  give 
tent  of  the  results  obtained.    It 
ted  as  bejoad  doubt,  that  by  far 
the  nitrogen  consumed  in  food 
Imals  in  their  liquid  and  solid 
e  higher  the  proportion  of  nitro- 
ieher  will  be  the  excrements  in 
itaent  of  manures, 
published  a  table  showing  the 
the  manure  obtained  from  the 
)n  of  different  articles  of  food 
n  praotiee.    The  raluation  was 
rledge  of  the  ayertge  composition 
iptions  of  foody  and  upon  infor- 
1  the  course  of  the  experiments 
I  the  probable  average  amount  of 
K)d  raluable  for  manure  which 
le  solid  and  liquid  excrements  of 

Its  of  these  yaluations  in  very 
lay  be  said  that  the  estimat^ 
I  from  1  ton  of  oil-cake  was  con- 
that  from  the  same  quanti^  of 
I,  beans,  or  peas;  from  two  to 
as  that  from  1  ton  of  oats,  wheat, 
or  hay ;  fh>m  seyeo  to  ten  times 
B  same  weight  of  oat,  wheat,  or 
ibont  twenty  times  as  much  as 

irefore,  that  in  the  selection  of 
stock,  it  is  very  important  to 
ring  as  well  as  their  fSeeding  Talue. 
this  point  will  suffice.  A  ton  of 
riainly  not  yield  nitrogen  in  the 
rials  oonsuming  it  equal  to  more 
If,  ^  ewt.,  or  28  lbs.,  of  ammonia ; 
ke  will  yield  1  owt.,  or  four  times 
bra^  we  take  the  ammonia  in  the 
/  tbB  amount  of  Jl  obtained  from 
I  ton  Qt  lociiet  boMf  will  be 


worth  only  1 6s.  4d.;  whilst  that  from  the  ton  o 
cake  will  be  £3  5s.  id. 

There  is,  in  fact,  far  greater  diffiBrence  in  tl 
nuring  than  in  the  feeding  yalue  of  most 
ordinary  stock  foods  in  the  market. 

In  illustrating  the  comparative  value  of  the  o 
obtained  from  diflforent  foods,  by  reference  me; 
the  amounts  of  nitrogen  or  ammonia-yielding  i 
which  they  supply,  it  will  not  be  understood 
in  any  way  ignore  or  under-rate  the  Talue 
mineral  constituents  assoeiated  with  thenitroj 
matter  in  the  excrements.    But,  inasmuch 
amount  of  mineral  constituents  voided  is  gei 
in  excess  of  that  requnred  for  the  due  effect  as  n 
of  the  nitrogen  with  which  they  are  accompai 
results  that  the  amount  of  the  nitrogen  or  am 
yielding  matter  is  practically  the  best  index 
Talue  of  the  manure. 

Appropriateness  of  Animal  Food  in  the  Diet  of 

It  will  be  obvious  that  the  importance  of  tli 
ject  which  I  have  brought  before  you  this  s 
rests  upon  the  assusBption  that  animal  food 
important  element  in  the  diet  of  man.  Thei 
indeed,  some  who  maintain  that  a  purely  tci 
diet  would  be  more  suitable  and  natural  tl 
mixed  Tegetable  and  animal  one  so  generall 
ferred.  If  their  view  were  adopted,  we  m 
longer  trouble  ouraelTes  about  the  connection  b 
the  food,  the  increue,  and  the  manure  of  fiti 
oxen,  sheep,  and  pigs.  There  are,  however, 
circumstances,  economioal  and  physiological,  p 
to  the  appropriateness  of  admitting  a  certain  | 
tion  of  animal  food  into  the  diet  of  man.  To 
two  of  these  I  will  briefly  refer. 

Walking  is  for  man  undoubtedly  a  Tery 
means  of  progression.  Still,  it  is  often  Tery 
tageons  to  ride,  and  so  to  employ  the  legs  of  i 
mped  instead  of  our  own.  In  eating  meat  i 
be  said  to  employ  the  stomachs  of  other  anil 
do  that  which  we  conld  not  so  well  do  with  oi 
As  a  few  ounces  of  gold  are  separated  froi 
tons  of  rock  by  the  combined  aid  of  meohani* 
chemical  processes,  so  the  animals  feedini 
crude,  and  often  to  us  indigestible,  TegetaUe 
eliminate  from  it,  and  store  np  in  their  bodies, 
its  constituents  in  a  form  at  once  much  more' 
trated  than  that  in  which  they  consumed  tb( 
much  more  easily  appropriated  by  the  him 
nomy.  A  given  amount  of  oitrogenous  con 
in  the  form  of  meat  is  undoubtedly  more  ea 
gested  and  assimilated  by  man  than  if  t 
■mount  were  supplied  in  the  form  of  beans, 
again,  the  animals  eouTert  starch,  sugar,  I 
probably  noma  eC  titon  ea\Snau»M^'ub&eh  we  o 
digeit  iX  iU)«\nto  UX^  ^^SlOdl^m  Vu\ka  «&ft.i 
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Mpifilii/  andftkl-tlortaif  «tptettyof  tht  inlwteaoes 
hm  whUk  they  frodoee  il.  It  it,  donbt1««,  true 
temneanprodiiee  Ikl,  and  keep  op  hie  reepin^ 
iHy  teetkm,  ikoni  itavdi  end  inger ;  batit  cen  herdlj 
kidoaMed  that  there  ia  lome  eeonomy  to  his  ijitem 
Il  haviog  a  portion  of  Ikt  eapplied  to  liim  ready  made. 
Apart  firona  the  strong  testioKmy  of  common  ex- 
lafanea  on  the  snbfect,  there  is  erideDce  in  tlie  com- 
laalifa  atmetnre  of  man  iliat  lie  if  adapted  for  a 
WBiButi  alud  form  of  food.  One  lllostration,  in  pas- 
rim^  may  be  addneed  on  this  point.  Table  VI.  shows 
Ihi  proportion  of  the  stomaeb,  by  weight,  In  a  giTen 
Ifi  weight  of  ozeny  sbeep^  pIS**  ^^  man. 

TmEMYL-^PlroportionoftiomaekiMd^ereMi  ammals. 
Stomach  in  100  lbs.  liye  weight  :-* 


Oxen 


61  ounces. 
14 


*t 


Shesp 
ICsn 


89  ounces. 
6 


»» 


BdatlTe  weight  does  not,  of  coarse,  necessarily 

npicaent  with  numerical  exaetness  relatlTe  capa- 

itj  or  else.    Bne  there  is  little  doubt  that  there  is 

iiradatSoii  in  the  capacity  of  the  stomach  relatiTely 

to  a  given  weight  of  the  body  in  the  enimals  enn- 

irstsd  in  the  order,  and  to  a  great  extent  in  the 

dQgrea  indicatad  by  the  figures  giren  in  the  table. 

Admitting  this  to  be  the  case,  we  haTO  seen  that  the 

Aeep,  with  its  less  proportion  of  stomach  than  the 

OK,  takes  a  somewhat  more  concentrated  food ;  and 

that  tibe  pig,  with  its  much  less  proportion  of  sto- 

aach  than  the  iheep,  requires  a  much  more  concen- 

tntad  ibod  than  the  latter.    May  we  not  conclude 

Aal  man  in  his  turn,  with  his  less  proportion  of 

<omach  than  the  pig,  will  also  appropriately  take  a 

■on  eoneentrated  food  than  his  usefol  friend  ? 

The  food  of  man  is,  indeed,  rery  closely  allied,  In 
a  ehemleal  pohit  of  Tiew,  to  that  of  the  pig.  The 
staple  of  the  food  of  both  the  fattening  pig,  and  man, 
b  eereal  grain.  The  pig,  it  is  true,  consumes  the 
as  well  as  the  fiffinal  portion,  whilst  man  does 
hot  we  know  that  this  proportion  of  indl- 
gfaifliln  woody  matter  Is  yery  nearly  the  limit  of 
that  which  is  appropriate  for  the  fkttening  pig ;  and 
ttat  on  the  addition  of  a  small  quantity  of  bran  the 
proportion  of  increase  diminishes,  and  that  of  the 
diy  snbotanoe  of  the  food  Toided  as  excrement  in- 
ereaaee.  The  only  other  essential  diilbrence  Is,  that 
the  pig  takes,  as  a  rule,  the  whole  of  his  nitrogenous 
coBBponnds  in  the  form  of  Tegetable  products,  and  a 
nndh  larger  proportion  of  starch,  and  other  non- 
nitrogenoua  compounds,  more  bufty  In  relation  to 
their  re^lratory  and  fot.forming  capacity  than  ikt 
itsalf.  Not,  indeed,  that  the  pig  is  at  all  unapt 
or  unwilling  to  adopt  eyen  still  more  closely  the 
diet  of  man ;  for  he  will  take  aaimMl  flesh  and  fat 
whBohe  cangeitbem,  Mad,  wbiU  i§  more,  he  likes 
ibma  bei$tr  cooked  Oum  nw. 


Wertiftnot,  then,  that  man  Mparali 
from  the  flour,  and  that  he  gets  lower 
eliminate  In  an  easily  digestible  fbrm  a  pc 
nitrogenous  aliment,  from  foods  wUeh  fa 
himself  readily  digest,  and  that  he  geti 
to  provide  him  with  a  portion  of  liis  resp 
&t-storiog  food  in  the  concentrated  1 
itself,  we  could  hardly  aeoouet  for  the 
tion  to  a  given  weight  of  the  body  of  the 
the  receptacle  and  first  laboratory  of  the  i 
case  than  in  that  of  the  pig.  We  knc 
that  in  the  cases  where  man  is  reduced 
for  nearly  the  whole  of  the  non-nitrogen 
toents  of  his  food  upon  starch,  in  the  foi 
toes  or  rice,  that  there  is  a  disposition  to 
ment  of  the  abdominal  organs,  and  to  a 
in  physical  and  mental  energy. 

To  oondude  on  this  point,  there  can  I 
whatever  that  the  food  of  the  lalK>aring  i 
proved  when  |ie  can  add  to  his  bread  a  po 
bacon,  or  butter,  or  fot  in  some  other 
It  is  better  still  if  he  can  substitute  or  sn 
little  butcher's  meat.  Indeed,  thatwhic 
experience  recognises  as  high  quality  < 
within  certain  limits,  high  proportion  o 
vegetable  food,  and  with  it  high  proportlc 
stiurch  and  other  non-nitrogenous  compoui 

But  not  only  do  the  animals  which  wc 
our  own  food  convert  vegetable  produce 
either  conld  not  digest  at  all,  or  could  d( 
easily  than  they,  into  concentrated  and 
gestible  and  assimilable  material  for  onr  i 
doing  this  they  supply  carbonic  add  to  t 
phere,  and  return  the  most  important  ma 
stitnents  of  their  food  in  their  excren 
providing,  to  both  the  soil  and  the  atmosi 
crude  vegetable  products,  that  which  is  nc 
the  luxurisnt  growth  of  cereal  grain,  and  c 
table  produce  salted  for  the  direct  use  i 
man. 

Were  it  not  for  such  compensations,  by  \ 
of  man  and  other  animals  upon  the  sur 
earth  (if  it  could  take  place  at  all),  by  thi 
quantities  of  carbonic  add  evolved  into  the 
lh>m  the  combustion  of  coal  and  from  ott 
and  by  the  gradual  destruction  of  forests,  wl 
chief  natural  agents  for  restoring  the  bi 
purity  of  the  atmosphere  would  becon 
Bat  the  grasses,  which  supply  so  large  a 
ofthe  food  of  beasts,  and  the  cereals  aw 
plants  ofthe  same  great  fomily,  which  sup 
man  in  almost  every  climate,  serve  to 
carbon  given  into  the  aimos\ihere  In  tl 
carbonic  ac\^.  1\  ms.^  w^m  %X  ^nx  ^ 
thai  the  humYAft  ^aai^s^  vod^  ^^  tKsrc 
ingcmi^  %  fan  fnatlmai^^  vqx^ma 
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ahookl  besabld  to  take  np  more  carbonic  acid,  and 
erolve  more  oxygen,  over  an  acre  of  land  than  an 
acre  covered  with  forest  trees.  Still,  ther^  can  be 
little  donbt  that  more  carbon  is  fixed  in  an  acre  of 
Inzorlant  wheat  than  over  the  same  area  of  wood- 
land ;  and  there  can  be  as  little  that  an  acre  of  sugar 
cane  wonld  fix  more  than  an  equal  area  of  the  most 
Inzoriant  tropical  forest. 

Conclusion. 

i 

With  a  few  general  remarks  of  a  practical  nature, 
I  will  conclnde  mj  discourtie.  The  great  change 
which  hat  taken  place  in  the  practice  of  feeding  stock 
in  modem  times  has  consisted  in  bringing  the  ani- 
mal! much  earlier  to  maturity,  by  means  of  careful 
breeding,  and  more  liberal  feeding.  Scales  and 
weights  were  seldom  used  in  agricultural  experi- 
ments until  comparatively  recently ;  but  there  are 
some  few  records  of  the  results  of  feeding  as  prac- 
tised at  the  latter  end  of  the  last  century,  which 
will  Mrre  ms  in  instituting  a  comparison  between 
the  reenlts  then  obtained  and  those  which  are  pos- 
sible, or  even  common,  at  the  present  day. 

In  1794  the  Duke  of  Bedford  made  some  experi- 
menta  to  determine  the  comparative  feeding  qualities 
of  Sooth  Down,  Leicester,  Worcester,  and  Wiltshire 
sheep.  Twenty  of  each  were  selected  and  weighed 
on  November  19,  1794.  To  each  lot  were  allotted 
16  acres  of  pasture,  and  in  the  winter  some  turnips 
were  thrown  upon  the  pasture,  and  a  small  quantity 
of  hay  was  also  provided.  On  February  16,  1796, 
after  a  period  of  65  weeks  of  feeding,  the  experiment 
was  concluded,  and  the  sheep  sent  to  market. 

Over  the  whole  period  the  sheep  gave  an  average 
increase  of  between  40  and  50  lbs.  per  head ;  and  as 
theur  original  weight  was  nearly  100  lbs.  per  head,  they 
increased  nearly  50  per  cent,  from  the  store  or  lean 
to  the  fat  condition,  which  is  the  same  proportion  as 
that  assumed  in  the  illustrations  to  which  Table  III. 
refers. 

Some  years  ago,  I  tried  a  set  of  experiments  upon 
the  comparative  fattening  qualities  of  South  Downs, 
Hampshire  Downs,  Cotswolds,  Leicestera,  and  cross- 
bred wethers,  and  cross-bred  ewes,  each  lot  consist- 
ing of  between  40  and  50  sheep.  Thjy  were  pat  up 
in  November,  when  their  weights  averaged  very  nearly 
the  same  as  those  of  the  Duke  of  Bedford's  sheep  ; 
and  when  fat,  they  bad  increased  in  about  the  same 
degree,  namely,  to  an  average  of  about  150  lbs.  each. 
The  Duke  of  Bedford's  sheep  were  about  C5  weeks  in 
adding  50  lbs.  to  their  weight,  and  mine  in  some  cases 
20,  and  in  others  a  little  more,  or  about  one-third  the 


time.  It  is  somewhat  singular  that  in  May — Oit 
at  which  my  sheep  were  consumed  as  mntto 
Duke  of  B3dford*s  were  weighed  for  the  first  tin 
the  commencement  of  the  experiment,  and  wer> 
to  have  increased  only  about  6  lbs.  per  head. 

The  difierence  of  resolt  in  these  two  cat 
almost  entirely  due  to  the  difference  in  the  n 
feeding.  Formerly,  sheep  received  perhaps 
turnips  on  their  pasture,  and  but  little  dry  fo 
that  not  of  high  feeding  quality ;  and  the  const 
was,  that  during  the  colder  months  of  the  ye 
either  lost  weight  or  increased  but  little.  Nc 
have  a  liberal  allowance  of  good  food,  and  i 
qaently  protected  from  the  inclemency  of  the  ^ 
In  my  own  experiments,  just  referred  to,  th* 
were  allowed  from  }  lb.  to  1  lb.  of  oil-ci 
head  per  day,  according  to  their  weight,  ab( 
same  amount  of  clover  chaff,  and  as  many  by 
they  chose  to  eat;  and  they  gave  an  aver 
crease  of  nearly  2  per  cent,  upon  their  wei, 
week. 

There  isnodoubt  that  in  rapidly  fattening  stoc 
early  age,  quality  of  meat  is  to  some  extent  sa 
to  quantity.  But  it  is  only  by  means  of  the 
system  of  liberal  feeding  and  early  maturi 
meat  can  be  brought  within  the  reach  of  the 
of  the  population.  The  farmer,  too,  must 
that  system  which  will  pay  him  the  best ;  i 
difference  between  the  price  which  the  consuc 
give  for  a  pound  of  four-year-old  and  one-y 
mutton  will,  only  under  very  exceptional  < 
stances  of  locality,  remunerate  him  for  the  ei 
of  production. 

In  conclusion,  I  have  only  now  to  thank 
the  very  kind  attention  with  which  you  have  i 
me  through  what  I  fear  may  be  thought  by 
you  somewhat  tedious  detail.  The  subject 
chemistry  of  feeding  is,  however,  essentially 
tricate  one ;  and  I  think  you  will  have  learnt  I 
lecture,  if  you  did  not  know  it  before,  that  th 
remains  much  to  be  determined  by  careful  in 
tion  respecting  it.  But  if  I  have  in  any  deg 
ceeded  in  indicating  the  proper  po'mts  of  vie 
which  this,  at  once  practical  and  scientific,  < 
should  be  studied,  and  in  impressing  upon  yoi 
some  prominent  and  important  facts  regardii 
as  to  lead  to  improvement  in  practice  by  : 
knowledge  of  principle,  or  to  further  inquiry 
to  an  extension  of  our  knowledge,  I  shall  ft 
the  objects  of  my  desire  and  endeavour  in  ad( 
you  have  been  fully  attained. 
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THIRD   REPORT  OF  THE  COMMISSION. 


To  THE  Lords  Cokmissiokebs  of  Heb  Majesty's  Tbeasubt. 

Mat  it  please  toub  Lobdships, 

WE|  the  undersigned,  whom  Her  Majesty's  CommiBsion, 
bearing  date  5th  January  1857,  appointed  to  '*  inquire  into  the 
*'  best  mode  of  distributing  the  Sewage  of  Towns,  and  applying 
*'  it  to  beneficial  and  profitable  uses,"  have  now  again,  according 
to  our  instructions,  the  honour  of  reporting  to  your  Lordships 
our  further  progress  in  the  matter  committed  to  us  for  inquiry. 

Since  the  date  of  our  last  Report  (August  1861)  we  have, 
through  a  committee  of  our  number,  consisting  of  Mr.  Lawes  and 
Professor  Way,  continued  at  Bugby  the  experiments  which  were 
undertaken  in  1861  on  the  application  of  sewage  to  land.  The 
report  of  that  committee,  which  we  append,  contains  the  results 
for  the  three  years  1862-4. 

Your  Lordships  will  observe  that  these  experiments  have  not 
been  confined  to  the  application  of  sewage  in  different  quantities 
to  land,  but  have  extended  to  the  consumption,  by  cattle,  of  the 
produce  so  obtained,  and  to  the  production  of  meat  and  milk,  and 
nave  been  accompanied  by  a  careful  record  of  the  quantities  and 
market-value  of  the  products,  and  by  numerous  analyses  of  the 
sewage  before  and  after  irrigation,  as  also  of  the  grass  and  of 
the  milk. 

It  appears  to  us  that  these  experiments  have  solved  many  of 
the  difficulties  which  have  hitherto  attached  to  the  question  of  the 
agricultural  application  of  sewage,  and  that  they  leave  no  reason- 
able doubt  of  the  practicability  and  advantage  of  so  employing 
the  sewage  of  towns. 

We  have  also  continued  to  give  our  best  attention  to  all 
kindred  experiments  and  inquiries  which  have  been  going  on 
elsewhere. 

As  the  results  of  our  labours,  extending  over  eight  years,  we 
have  confidence  in  submitting  to  your  Lordships  the  following 
conclusions : — 

1.  The  right  way  to  dispose  of  town  sewage  is  to  apply  it 

continuously  to  land,  and  it  is  only  by  such  application  that 
the  pollution  of  rivers  can  be  avoided. 

2.  The  financial  results  of  a  continuous  application  of  sewage 

to  land  differ  under   different  local  circumstances;   first, 
because  in   some   places  irrigation  can   be   effected    by 
gravity,  while  in  other  places  more  or  \eft%  pxim^vck^  xsi^'^X. 
be  employed;  secondly,   because  heavy  feoWa  (^\N\vv3tk  vol 

k  1 


given  localities  may  alone  be  available  for  the  purpose)  are 
less  fit  than  light  soils  for  continuous  irrigation  by  sewage. 
3.  When^  local  circumstances  are  favourable,  and  undue  expen- 
diture is  avoided,  towns  umy  derive  profit,  more  or  less 
consjideraMc;  from  applying  their  sewage  in  agriculture. 
Under  o|»i)0^ite  circura>tances,  there  may  not  be  a  balance 
of  profit ;  but  even  in  such  cases  a  rate  in  aid,  required 
to  cover  any  loss,  needs  not  be  of  large  amount. 

Finally,  on  the  basis  of  the  above  conclusions,  we  further  beg 
loave  to  express  to  your  Lordsliips  that,  in  our  judgment,  the 
folio winir  two  principles  are  established  for  legislative  application: — 
First,  that,  wherever  rivers  are  polluted  by  a  discharge  of  town 
sewage  into  them,  the  towns  may  reasonably  be  required 
to  desist  from  causing  that  public  nuisance : 
Second,  that  where  town-populations  are  injured  or  endangered 
in  health  by  a  retention  of  cesspool-matter  among  them,  the 
towns  may  reasonably  be  required  to  provide  a  system  of 
sewers  for  its  removal. 
And  should  the  law,  as  it  stands,  be  found  insufficient  to  enable 
towns  to  take  land  for  sewage-application,  it  would,  in  our  opinion, 
be  expedient  that  the  legislature  should  give  them  powers  for  that 
purpose. 

(Signed)        Essex. 

Robert  Rawlinson. 
J.  Thomas  Way. 
J.  B.  Lawes. 
John  Simon. 


8^  Richmond  Terrace,  Whitehall, 
March  1865. 


Second  Report  of  Experiments  on  the  Application  of 
Town  Sewage  to  Grass  Land^  conducted  at  Rugby,  by 
Ordeb  of  the  Royal  Sewage  Commission. 


Seasons  1861,  1862,  and  1863. 


In  the  Second  Report  of  the  Commission,  presented  to  both 
Houses  of  Parliament  in  1862,  an  account  was  given  of  the 
results  obtained  in  the  First  Season  (1861)  of  Experiments  on  the 
application  of  town  sewas:e  to  grass  land,  which  were  undertaken 
by  order  of  the  Royal  Sewaixe  Commission,  and  conducted  in  the 
neighbourhood  of  Rugby,  where,  arrangements  being  made  for  the 
distribution  of  the  sewage  of  the  town  over  a  considerable  area  of 
adjacent  land,  the  conditions  were  considered  well  adapted  for  the 
purposes  of  the  inquiry. 

As  stated  in  the  preliminary  Report  above  referred  to,  the  Com- 
mission, guided  by  the  information  acquired  in  the  course  of  their 
investigation  of  the  then  existing  experience  on  the  subject, 
which  had  led  them  to  visit  almost  every  locality  where  town 
sewage  was  applied  in  any  way  to  the  purposes  of  agriculture,  had 
come  to  the  conclusion  that  to  obtain  the  largest  amount  and 
value  of  produce  at  the  least  proportionate  cost  for  distri- 
bution, dilute  town  sewage  should  be  applied  to  the  growth  of 
succulent  crops,  and  that  it  was  best  adapted  for  grass.  It  was 
decided,  therefore,  to  confine  attention,  at  any  rate  in  the  first 
instance,  to  grass  alone. 

In  arranging  the  experiments,  it  was  considered  that  the 
object  was  to  i)rovide  such  information  as  might  be  taken  as  the 
basis  of  arrangements  for  the  application  of  the  sewage  of  towns, 
in  the  manner  the  most  advantageous  to  both  urban  and  rural 
interests. 

To  this  end  it  was  sought  to  determine :  — 

1.  The  amount  and  the  composition  of  the  produce,  in  relation — 

to  the  amount  of  water  supplied  to  the  land  by  irrigation, 
to  the  amount  of  manurial  constituents  so  applied,  and  to 
the  amount  of  population  contributing  the  manurial  con- 
stituents to  the  water. 

2.  The  most  profitable  method  of  utilising  the  produce ;  that 

is,  whether  it  should  be  used  in  the  green  state  or  as  hay ; 
whether  for  the   production   of  milk   or   of  meat;    and 
whether  it  should  be  consumed  alone  or  \u  c«\X5VX\i^\\^u 
wit))  other  food. 
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In  the  experiments  of  the  first  year,  three  portions  of  land,  of 
about  five  acres  each,  were  operated  upon,  and  each  of  these  was 
divided  into  four  plots,  to  be  treated,  respectively,  as  follows : 

Plot  1.  To  be  unsewaged. 

Plot  2.  To  be  irrigated  with  sewage  at  the  rate  of  3,000  tons 
per  acre  per  annum. 

Plot  3.  To  be  sewaged  at  the  rate  of  6,000  tons  per  acre  per 
annum. 

Plot  4.  To  be  sewaged  at  the  rate  of  9,000  tons  per  acre  per 
annum. 

The  produce  of  one  such  set  of  four  plots  was  to  be  given,  in 
the  green  state,  to  fattening  oxen ;  that  of  the  second  (also  in  the 
green  state^  to  milking  cows ;  and  that  of  the  third  was  to  be 
made  into  nay. 

As  explained  in  the  former  Keport,  owing  to  deficient  supply, 
but  little  sewage  was  applied  to  the  portion  of  land  devoted  to 
the  production  of  hay ;  and,  since  the  first  season,  the  five  acres 
in  question  have  each  year  been  sublet. 

The  results  obtained  in.  the  first  year's  experiments  on  the 
other  portions  of  land  were  given  in  detail  in  the  previous  Aeport ; 
but  it  was  admitted  that  the  experience  of  one  year  only  could  be 
taken  as  little  more  than  initiative  on  many  points;  it  being 
obviously  essential  to  determine  the  effects  of  the  continued  appli- 
cation, and  the  influence  of  seasons  of  different  characters,  before 
safe  deductions  could  be  drawn  in  regard  to  some  of  the  most  im- 
portant economical  questions  at  issue. 

The  results  of  two  more  seasons  (1862  and  1863)  are  now  at 
command ;  and  it  is  proposed  to  call  attention  chiefly  to  the  dif- 
ference of  result  obtained  in  the  different  seasons,  and  to  the 
average  result  over  the  three  seasons,  making  but  few  comments 
on  those  of  each  separate  season.  The  full  details  will,  however, 
be  given  for  reference,  in  the  tabular  form,  in  Appendix,  Na  1., 
p.  81,  et  seq. 

In  addition  to  the  experiments  above  referred  to,  which  are  a 
continuation  of  those  already  reported,  by  the  kindness  of  Mr. 
Campbell  some  results  obtained  on  the  application  of  sewage  to 
Italian  rye-grass  and  to  oats  are  also  given. 

For  the  convenience  of  reference  and  comparison,  the  nume- 
rical results  will,  as  far  as  possible,  be  arranged  in  the  same  form, 
and  the  subject  considfired  in  the  same  order,  as  in  the  former 
Beport 

I.  QuantUies  of  Sewage  applied,  and  ef  Green  Produce  obtained. 

In  the  first  season  ^1861)  the  application  of  sewage  did  not 
commence  until  March  m  the  one  ficSd,  and  April  in  the  other ; 
but,  as  it  was  considered  that  any  scheme  for  the  general  appli- 
cation of  town  sewage  to  agricultural  purposes  must  of  necessity 
^  bMBed  on  the  fact  of  a  daily  supply  the  'jetti  tound^  which 


iniist  be  dealt  with  in  wirit^r  wheil  bf  comparatively  little  valae 
10  well  as  in  summer  when  of  more,  the  amounts  of  S^OOO,  S^OOO, 
and  9,000  tons,  respectively,  were,  in  the  second  and  third  seasons, 
distributed  over  the  entire  year,  and  the  quantities  supplied  from 
November  Ist  of  one  year  to  October  31st  of  the  next  were  taken 
as  those  to  which  the  increase  of  crop  was  due. 

The  detailed  records  relating  to  the  application  of  the  sewage 
are  given  for  reference  in  Tables  I.  and  II.  pp.  81-89.  Appendix, 
No.  1.  Of  these.  Table  I.,  which  now  follows,  is  a  convenient 
summary. 

Table  L — Quantities  of  Sewage  applied  per  Acre,  on  each  Plot,  in 

each  Month,  in  each  of  the  Three  Seasons. 


Sewagb  pkr  Acrb. 


FXYB-ACSE  PlBlD. 


Plot  2. 


Plot  8. 


Plot  4 


Txv-ACBS  FiSLD  (half)* 


Plot  2. 


Plot  8. 


Plot  4. 


Ist  Season,  1861 ;  March — October,  inelusiTe. 


Mvdi 

April    - 

Mqr 

Juab    .        .       - 

Aafeut 
Sepifloibar 
October      - 

Tons, 
632*1 

279*9 

76*8 

78*8 

681*7 

180*8 

148*1 

201-7 

Tont, 
1046*1 

868*4 

96*6 

228*8 

480*2 

680*2 

703*8 

678*2 

Tons. 
1444*2 

1177*0 

97*7 

677*2 

664*1 

787-8 

614*7 

800*7 

21mm. 

•  • 

668*0 
18*8 

•  • 
812*0 
226*9 

84*0 
84-0 

21mm.  . 

•  • 

1146*9 
84*1 

•  • 
892*2 
818*8 
817*7 
867*7 

2bii«. 

•  • 

1878-9 
118*8 
802-8 
985-7 
898*1 
881*8 
465*8 

TotiJa    -     - 

207S7 

4483*2 

6162*0 

1387*2 

2803*9 

4826*4 

Bute  per  mnxuim   - 

8110*4 

6634*8 

92201 

2378*1 

4806*7 

7846*4 

Sd  SxASON,  1869 ;  Norember  1861 — October  1862,  indiudTe. 
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Tabls  L^^coniinued, 

titles  of  Sewage  applied  per  Acre,  on  each  Plot,  in  each  Month, 

in  each  of  the  Three  Seasons. 


Sewage  per  Acre. 


FiYB-ACKB  Field. 


Plot  2. 


Plot  S. 


Plot4i 


Tev-acbb  Field  (half). 


Plot  2. 


Plots. 


Plot  4 


Sd  Season,  1863;  Noyember  1862 — October  1863,  incluBive. 


iberl862     - 

201-9 
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1018*e 

••        " 
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w                 " 
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89*8 

582*9 

740*3 

»» 

896*6 
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462*5 

885*4 

974*8 

940*1 

w                 * 

100*9 

4M*4 

980*6 

492*4 

844*8 

779*6 

b      « 

•  • 

409*5 

964*2 

150*0 

•  • 

717*0 

iber,. 

2751 

617*8 

600*8 

•  • 

640*9 

496*1 

ft     - 

67*1 

282*8 

819*0 

891*8 

469*8 

797*1 

rotali 

2998*9 

5999*6 

9000*7 

8001*0 

5099*8 

8998*6 

SuMiCART.     1861,  1862,  and  1863. 


eason;     to) 
81.1861      -. 

2078*7 

4488*2 

6152*9 

1887*2 

2808*9 

4886*4 

eMon;    to) 
81.1862      -j 

2991*8 

6994*5 

8966*7 

2999*5 

5999*5 

9004*3 

)Mon;     to) 
81,1868      -j 

2898*9 

5999*6 

9000*7 

8001*0 

5999*8 

8096*6 

rotali 

8064*4 

16417*8 

24140*8      ! 

1 

7887*7 

14808*8 

22289*2 

is  seen  that  when  calculated  over  the  entire  season  the  supply 
;wage  was  in  each  case  very  nearly  at  the  rate  intended,  bat 
it  varied  considerably  from  month  to  month.  Regularity  in 
respect  was,  indeed,  sought  to  be  attained  within  certain 
;s,  but  it  was  necessarily  subject  to  various  controlling  circum- 
ses.  Thus,  the  sewage  was^  as  a  rule,  applied  on  the  same 
for  an  entire  day  at  a  time,  in  order  the  better  to  secure  its 
I  distribution  over  the  whole,  and  the  rate  of  flow,  and  con- 
ently  the  day's  supply,  varied  considerably.  Then,  again^ 
ughout  the  summer  months  the  stage  of  growth  of  the  crop 
h  influenced  the  time  of  application^  which  was  regulated 
s  to  ensure,  as  far  as  possible,  the  beneficial  action  of  the  total 
itity  applied  in  each  case.  Occasionally,  too,  the  supply  was 
rely  stopped,  owing  to  derangements  in  the  machinery,  a 
ter  over  which  there  was  unfortunately  no  control, 
he  ^mounts  of  green  grass  obtained  from  tiie  respective  plots, 
Ach  of  the  three  seasons,  are  shown  in  Tables  IL  and  III. 
9  and  1 0) ;  Tabic  II.  giving  the  amounts  obtained  in  each 
»te  month,  and  Table  IiL  those  in  each  »uccesa\NQ  cro^.  For 
r  detai/sj  see  ilppendix  Tables,  111.  and  lY .,  vi?*  ^^^*- 


Tabl£  II. — Amount  of  Green  Grass  obtained  during  each  fieparate  Month. 


Gbben  Grass  per  Acre. 

FiYB-ACBB  Field. 

TEsr-ACBB  Field  (half). 

Without 
Sewage. 

Flotl. 

With  Sewage. 

Without 
Sewage. 

Plotl. 

With  Sewage. 

Plots. 

Plots. 

Plot  4. 

Plot  2. 

Plots. 

Plot  4. 

First  Seasox,  1861. 


Jane 

July 

Aug. 

Sept. 

OcL 

Not. 

Dec 


TotiOs 


S    2    S27 
S    1    0    8 


2    2    2    8 
0  19    0  18 


9    6    8    6 


U 


4  17  0  14 

2    8  016 

S16  2  2S 

1  S  012 

2  11  8    0 


flu 


7  19  1  23 

4    6  0  26 

4  12  2  8 
6  6  17 
0    8  024 

5  9  1    6 


14  16    S    8  27    1    0  10 


II 


1    9  S  14 

8  14  S    8 

6  14  0  IS 

6  19  2  24 

6    0  0    6 

0  16  0  23 

4    2  0    6 


32  16    8    8 


4  10    1    1 

0    8    1  18 

i  1    6    S    9 


2    S    2    7 
0    9    0    8 


8  18    0  16 


y 


0  14  0  20 

4  11  2    8 

6    6  12 

0  10  2  26 

0  11  0  IS 

3  19  1  15 


0    4    0    2 


16  16    8    2 


nil 

1    4  0  10 

6    4  17 

6    8  019 

4  12  1    1 

116  0    8 

4    0  8    7 


0    7    3  21 


11  Is 

2    6  0    0 

8  16  1    7 

1  16  8  24 

6    4  2    7 

4  16  2    0 

8    6  0    2 


0    8    2    0 


22  16    2  12 


26  18    8  12 


Second  Season,  1862. 


Mbj       - 

""   "" 

^    - 

0  19 

1  19 

9  16 

8    9 

8    7 

3    6 

0  17 

1  16 

1  14 

0    6 

11  13 

2    7 

8  14 

021 

June 

0    8 

1  26 

6  10 

0  10 

5  16 

026 

6  16 

115 

7  10 

2  11 

15    0 

0    8 

2    7 

2  20 

116 

1    7 

July      . 

8  16 

028 

8    8 

8    3 

_    - 

-    - 

4  19 

1  19 

2  11 

2    0  0    8 

2  24 

6    9 

8    6 

8  16 

1    S 

Aug. 

9    8 

8  10 

416 

8  16 

9  12 

0  26 

2    0 

2  24 

Oil 

3    0  612 

1    3 

-    - 

-    - 

2  16 

3    S 

fUtrvk 

4    0 

1  10 
3  16 

6  12 
218 

2  10 
1    6 

9  16 
1  11 
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8    8 

1 

A  17     A   lA 

0    8 
0    5 

9  16 
1  14 

1  22 

6    2 
8    8 

2  IS 
02C 

Oct.       - 

110 

0    7 

4    8 

114 

V    Al 

8    0 

3  15 

Vat.      - 

-    - 

—    - 

-    - 

-   - 

-    - 
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1  10 

3    9 

-    - 

-    - 

-    - 

-    - 

-    - 

-    - 

TMtfs 

8    8    1  10 

27  18 

0  18 

84  10 

0  19 

S2    9 

222 

16  10 

025 

27  11 

020 

32    2 

1  14 

SI  12 

1  2C 

Third  Season,  1863. 


Apnl 

MV 

June 

July 

Ang. 

Sept. 

Oct. 

Nor. 


Totds 


818    8  14 


0  19    8  27 


418    818 


4  9  1  25 
6  4  S  3 
6    7    3    9 


2  7  1  27 
8  12  1  15{ 
0    3    1/1^ 


12    4  S  18 

3  0  220 
6  17  2    2 

4  2  8 
6  12  0  23 
2  6  3  5 
0    6  210 


88    5    C  nm  18    1  27 

/  •      / 


3  16 

3  12 

6    0 

0  15 

10  13 

2    0 

3    7    3  25 
2  19    3  27 


112    323 


7  16    3  16 

7  14    0    2 

0  14    1  2o| 
I 
D    3    2  24:i 


I 


13    1    8  22 
6  18    0    6 


9    0  024 

6  16  0  22 

4  16  0  13 

6  14  8    0 

1    6  112 

8    9  820 

0    9    1    R  0  10  0    6 


6    10    2 


8  14  8    < 

4    7  22^ 

11  18  2  21 

0    9  81S 

7  16  2  1^ 

012  8    i 

6.12  2    ] 

Oil  8    < 


^    0    2    6n  8    0    8 19 


ta    L  \   %\»\\  ^W^\^  '^' 
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Tabu  UI. — Amounts  of  Green  Grass  obtained  in  each  succeseive  Crop. 


Grekn  Gbam  per  Acss. 

• 

yXYB-AOBB  Fm.D. 

Tsx-JLCRE  Field  (half). 

^"^^^ 

WitlumC 
Sewage. 

Plotl. 

Witii  Sewage. 

Without 
Sewage. 

Plotl. 

With  Sewage. 

Plots. 

PlotX. 

Plot  4. 

Plot  2. 

Plots. 

Plot  4. 

FiBST  Seabon,  ] 

1861. 

iiii 

iiu 

IIU 

iiu 

iiu 

lU^ 

lUi 

iiu 

lit  Crop  • 

6    4    0    7 

7    6    11 

10    7    0  84 

IS    6    188 

418    819 

918    8  12 

11    5    8    SU    1    1    4 

adCrop    • 

8    1    226 

4    8    128 

7    8    10 

915    Oil 

8  19    184 

2  11    0    0 

6  18    2  17 

7    18    6 

8dCrop    • 

-    -    -    - 

8    4    Oil 

6  16    1    8 

5  14    0  26 

-    -    -    - 

8    2    8  16 

5    8    10 

8    2    8    2 

4th  Crop  • 

-    -    -    _ 

0    3    827 

8    9    16 

4    8    0    5 

-    -    -    - 

0    4    0    2 

0    7    8  21;  0    8    8    9 

Totals 

9    6    8    5 

14  16    8    8 

27    1    0  10 

82  16    8    8 

8  18    0  16 

16  16    8    2 

2216    8128618    SIS 

1 

Seoomi 

i>  Season, 

1863. 

lit  Crop  • 

618   1    814  12 

1    4 

16  12    0    7 

14    8 

081 

10  19 

1  2716  14 

0    8 

14    1    0  27 

8  14    0  21 

2d  Crop    • 

1  10    0    7 

8  16 

826 

912    025 

7    0 

0  15 

8  19 

8  17 

7    0 

827 

6    9    8    6 

10  11    8    9 

8d  Cxop    - 

-   -    -   - 

8  18 

1    9 

8    10    5 

915 

0    0 

110 

8    9 

S   7 

8    2 

9  16    122 

818    1  20 

A^\%  P«MWk     . 

0  10 

8    7 

1    4    810 

lU 

1  14 

0    8 

lU 

1  14    8  16 

S    S    A    S 

4U1  VI^jp     • 

6th  Crop  - 



-    - 



0    6    OSl 

TMti 

8    8    110 

8718    0  18 

84  10    0  19 

88    9 

822 

16  10 

085 

27  11 

020 

88    8    114 

8118    1  80 

Third  Season,  1863. 


ift  Crop  - 
sdOrop  • 
SdOrop  • 
4AhCrop  - 
SthCtap  - 
SthOkrap  • 


Tolala 


8  18   8  14 
0  19   8  27 


418   818 


10  14    1    018    4   8  18 


6    7    8    9  9    7    0  881018    8   0 


42824:7281 
0  16    S  18  6  18    6   41 


0    8    016 


5    Oil 


0    6    810 


9  16   8  27 


618  8    6 

sn  lU 

0  14  1  80 

0    6  924 


84  18    18787    0    2    5 


6   7    884 
1  18    828 


18  1  8  82 
618  0  6 
6  10  2 
0    9    16 


12    9  0    7 

7    2  121 

7  0  012 

8  9  820 
0  10  0    6 


8    8  1  27 

11  IB  8  81 

8    6  1  96 

6    6  1    S 

Oil  8    0 


8    0    3  1986    6    1    880  11    8  18S4  19    1  SI 


Su 

MKART— 1861, 1862,  and  1863. 

1801 

m 

•   6    8    6 

14  16   8    8 

87   1   0  10 

88  16   8    8 

8  18    015 

16  16   8   a 

8816    SIS 

26  18    8  IS 

186i 

m 

8   8    110 

8718    018 

8410   019 

88   9   8  88 

16  10   0  86 

8711    090 

88    8    114 

31  18    1  80 

186i 

• 

7 

4  18    8  18 

28    6   Oil 

8418   187 

87   0   8   6 

8    0    819 

SB    6    1    8 

80  11    SIS 

84  19    1  81 

jimnm^ 

7   9   19 

8!  18    lis 

88   8    1    0 

84   8   lis 

U    8    010 

88  17    S    1 

88    9   818 

1 

81    1    8  18 

.&  A 


Table  IL  shows  that  the  crops  obtained  before  the  end  of  Maj 
were  very  much  larger  in  the  second  and  third  seasons  than  in  the 
first  season^  in  which  case  no  sewage  had  been  applied  during  the 
winter  months.  The  much  greater  luxuriance  of  growth  in  the 
early  season  was,  indeed,  remarkable  after  the  winter  applications ; 
and  the  crops  were  invariably  in  the  most  forward  condition  where 
the  largest  quantities  of  sewage  had  been  applied.  There  is,  of 
course^  a  great  advantage  in  getting  an  early  cut  of  green  food^ 
and  a  given  weight  will  be  worth  more  quite  early  in  the  season 
than  some  weeks  later.  Stilly  it  is  not  to  be  supposed  that  the 
same  amount  of  increase  of  produce  will  be  obtiuned  for  a  given 
amount  of  sewage  applied  during  winter,  as  during  the  periods  of 
active  growth. 

it  is  also  to  be  observed  that  the  crops  obtained  late  in  the 
season,  in  September  and  afterwards  for  example,  were  always  con- 
siderably heavier  with  sewage  than  without  it,  heavier  with  6,000 
ions  than  with  3,000,  and  generally  heavier  with  9,000  than  with 
6,000. 

Thus,  not  only  was  the  total  amount  of  produce  obtainable 
per  acre  very  much  increased  by  the  application  of  sewage,  but 
the  period  during  which  an  abundance  of  green  food  was  available 
was  extended  considerably,  both  at' the  beginning  and  the  end  of 
the  season,  and  it  was  the  more  so  the  lai^er  the  quantity  of 
sewage  applied,  almost  up  to  the  highest  amount  adopted  in  the 
experiments^  namely,  9,000  tons  per  acre. 

Table  IIL  shows  that  in  only  one  instance,  that  of  the  10-acre 
field  in  the  wet  and  cold  season  of  1862,  was  there  any  third  cut 
at  all  without  sewage,  whilst,  with  sewage,  four  or  more  cuttings 
were  always  obtained,  and  the  later  crops  were  pretty  uniformly 
the  larger  the  larger  the  quantity  of  sewage  applied. 

Leaving  the  question  of  the  amounts  of  produce  obtained  during 
each  separate  month,  or  at  each  successive  cutting.  Table  Ivi 
shows  the  total  amount  of  produce  on  each  plot,  in  each  of  the 
three  seasons,  and  also  the  amount  of  increase  for  every  1,000 
tons  of  sewage  applied;  and  produce  and  increase  are  each 
recorded  both  as  green  grass,  and  calculated  as  hay.  The  means 
of  the  results  obtained  in  the  two  fields  are  also  given. 
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In  the  first  and  third  years  (1861  and  1863)  there  was,  in  both 
fields,  more  produce,  whether  reckoned  as  green  grass  or  as  haj,  with 
each  increased  amount  of  sewage  applied.  In  the  wet  and  cold 
season  of  1862,  however,  although  there  was  considerably  more 
green  produce  per  acre  from  6,000  tons  of  sewage  than  from  3,000, 
yet,  owing  to  its  more  succulent  condition,  the  amounts  with  the 
krger  quantities  of  sewage  represented  even  a  few  cwts.  less  of 
hay.  On  the  other  hand,  with  9,000  tons  of  sewage,  the  produce 
of  green  grass  was,  in  this  wet  season,  in  both  fields,  less  than  with 
6,000  tons,  but  calculated  as  hay  it  was  slightly  more.  In  no 
case,  however,  is  the  increase  with  the  larger  amounts  of  sewage 
in  proportion  to  the  increased  application.  This  point  is  well 
illusitrated  in  the  two  lower  sections  of  Table  IV.,  which  give,  not 
the  produce  per  acre,  but  the  increase  for  each  1,000  tons  of 
sewage  applied,  reckoned  respectively  as  green  grass  and  as  hay. 

It  is  obvious  that  the  proportion  of  the  produce  to  be  reckoned 
as  increase  due  to  the  sewage  applied  must  depend  very  much  on 
the  yield  of  the  unmanured  land  with  which  the  produce  of  the 
sewaged  land  is  to  be  compared.  It  is  necessary,  therefore,  to 
bear  in  mind  the  quality  and  condition  of  the  land  upon  which  the 
experiments  were  made,  when  estimating  and  judging  of  the 
amounts  of  increase  yielded  for  a  given  amount  of  sewage  applied. 
Both  fields  were  fattening  pastures.  It  may  safely  be  concluded, 
therefore,  that  their  natural  or  unmanured  produce  would  be 
Ugher  than  that  of  the  average  of  such  land  as  would  be  likely  to 
be  devoted  to  the  growth  of  grass  by  means  of  sewage  on  the 
large  scale.  On  the  other  hand,  there  is  no  reason  to  suppose 
that  under  the  influence  of  a  liberal  supply  of  sewage,  the 
produce  would  be  in  a  corresponding  degree  higher  on  land  of 
lugh  natural  yield  than  on  land  which,  from  its  suitable' physical 
qualities,  might,  with  sewage,  yield  heavy  crops,  but  without  it, 
very  light  and  poor  ones.  Then,  again,  a  large  proportion  of  the 
grasses  of  a  good  fattening  pasture  will  yield  less  produce  under 
the  influence  of  sewage  than  others  associated  with  them,  and  it 
is  not  until  the  application  has  been  continued  for  some  years  that 
the  more  freely  growing  grasses  become  so  far  dominant  as  to 
secure  the  maximum  result  for  a  given  amount  of  sewage  that 
8oiI  and  season  will  admit  of.  For  these  reasons  it  seems  pro- 
bable that  the  amounts  of  increase  obtained  for  a  given  amount  of 
sewage,  applied  in  these  experiments,  are  more  likely  to  be 
below  liian  above  those  which  may  be  anticipated  on  the  continued 
application  of  sewage,  over  large  areas  of  land,  selected,  prepared, 
imd  properly  seeded  for  the  purpose. 

As  between  the  two  fields,  it  should  be  stated  that,  to  the  five- 
acre  field  no  sewage  had  been  applied  during  the  season  preceding 
the  commencement  of  the  experiments ;  one  crop  of  hay  had  been 
taken  from  it,  and  it  had  afterwards  been  eaten  down  by  sheep. 
To  the  ten-acre  field,  however,  sewage  had  been  applied  in 
indefinite  quantity  for  nearly  12  months ;  two  crops  of  hay  had 
been  taken  from  the  land  in  the  previous  year,  and  \\.  \\^\>^^ti 
kept  yeiyr  closely  grazed  down  by  stock,  almoat  u\)  lo  \Vv^  ^vksi^  ^V 
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commenciDg  the  experiment.  Thus,  though  the  land  of  this  field 
was  undoubtedly  of  higher  natural  quality,  and  was  probably 
also  in  a  higher  condition,  so  far  as  the  influence  of  recent 
manuring  was  concerned,  yet,  owing  to  its  herbage  being  so  much 
more  closely  grazed  down,  it  was  in  that  respect  in  a  less  favourable 
condition  for  the  first  yearns  crop,  and  accordingly,  in  the  first 
season,  gave,  without  sewage,  less  produce  than  the  other,  though 
in  succeeding  seasons  it  gave  much  more.  Indeed,  whilst  in  the 
five-acre  field  the  produce  without  sewage  diminished  from  year  to 
year,  being  even  less  in  the  second  year  than  in  the  first,  notwith- 
standing the  much  larger  amount  of  rain,  it  was  in  the  ten-acre 
field  so  very  much  larger  in  the  second  year  than  in  the  first,  and 
so  very  much  larger  in  both  the  second  and  third  years  in  that 
field  than  in  the  other,  that  it  was  thought,  until  full  inquiry  had 
been  made,  that  there  must  be  some  error  either  in  the  mea- 
surement of  the  land  or  in  the  records.  None  was,  however, 
found ;  and  the  difference  in  the  character  and  composition  of  the 
two  soils,  which  subsequent  examination  showed,  satisfactorily 
accounted  for  the  great  difference  in  their  natural  yield.  For 
further  information  on  this  point  see  p.  63. 

These  few  remarks  on  the  character  and  condition  of  the  land 
in  the  two  fields  will  serve  as  aotue  explanation  of  the  pro- 
portionally much  greater  difference  in  the  amounts  of  increase  over 
the  natural  produce  from  a  given  amount  of  sewage,  than  in  the 
amounts  of  total  produce  per  acre,  where  the  same  amounts  of 
sewage  are  applied  in  the  different  fields,  or  in  different  seasons. 
A  few  comments  only  need  be  made  on  the  results  themselves  as 
recorded  in  the  Table. 

In  the  first  season  the  sewage  was  not  applied  experimentally 
until  March  in  the  five-acre,  and  April  in  the  ten-acre  field,  and 
hence  the  amounts  of  increase  of  produce  yielded  had  to  be 
reckoned  as  due  to  comparatively  small  quantities  of  sewage 
applied.  Taking  the  average  result  of  the  two  fields,  the  increase 
obtained  for  1,000  tons  of  sewage  applied,  when  reckoned  as 
green  grass,  was  rather  more  when  the  two  larger  than  when  the 
smallest  quantity  of  sewage  was  applied  per  acre,  but  reckoned  at 
one  uniform  condition  of  dryness  as  hay,  it  was  slightly  less  with 
each  increased  amount  of  sewage  applied. 

In  the  wet  and  cold  season  of  1862,  which  was,  of  course, 
favourable  for  the  unsewaged  land,  and  by  comparison  the  less 
appropriate  the  greater  quantity  of  sewage  applied,  the  amount 
of  increase  for  1,000  tons  of  sewage,  whether  reckoned  as  green 
grass  or  as  hay,  diminished  considerably  with  each  increase  of 
sewage  applied  per  acre.  And  notwithstanding  the  amounts  of 
total  produce  per  acre  with  equal  quantities  of  sewage  were  not 
very  different  in  the  two  fields,  the  amounts  reckoned  as  increase 
for  1,000  tons  of  sewage  applied  were  very  much  less  in  the  ten- 
acre  than  in  the  five-acre  field,  owing  to  die  much  larger  produce 
without  sewage  in  the  former. 

la  186S  again,  though  a  much  warmer  and  more  genial  season 
/or  the  action  of  sewage,  there  was  «d\\,  t\\o\i^  m  fk  xcradbi  leea 


degree  than  in  1862^  a  diminishing  proportion  of  increase  for  1,000 
tons  of  sewage,  the  larger  the  quantity  applied  per  acre.  There 
was  also,  owing  chiefly  to  the  much  larger  produce  without 
sewage,  much  less  to  be  reckoned  as  increase  for  each  1,000  tons  of 
lewage  Implied  in  the  ten-acre  than  in  the  five-acre  field. 

It  is  worthy  of  remark,  that  although  the  produce  per  acre 
without  sewage  is  so  much  the  greater  m  the  ten-acre  field  than 
in  the  other,  it  is  with  equal,  but  especially  with  the  larger 
amounts  of  sewage,  pretty  uniformly  the  greater  in  the  five-acre 
fidd.  This  result  was  doubtless  partly  due  to  its  being  better 
fitted,  firom  its  porosity,  for  sewage  irrigation,  but  partly  also  to 
the  fact,  that  whilst  it  was  comparatively  fiat,  allowing  the  sewage 
to  pass  over  it  more  slowly  and  so  to  be  better  absorbed,  the 
ten-acre  field  was  in  high  ridges,  and  steeply  inclined,  rendering 
it  difficult  to  prevent  the  water  riuming  over  it  too  quickly. 
This  point  will  be  illustrated  further  on  by  reference  to  the  com- 
parative composition  of  the  drainage  water  from  the  two  fields. 

Taking  the  average  results  of  the  three  years,  and  the  two 
fielids,  we  have,  with  sewage  applied  at  the  rate  of  3,000  tons  per 
acre  per  annum  a  produce  per  acre  of  a  little  over  22:^^  tons  of 
green  grass,  equal  rather  more  than  5  tons  of  hay ;  with  6,000 
tons  of  sewage  rather  nu)re  than  30^  tons  of  green  grass,  equal 
rather  more  than  5  j  tons  of  hay ;  and  with  9,000  tons  of  sewage 
rather  more  than  32^  tons  of  green  grass,  equal  about  6^  tons  of 
hay. 

The  largest  quantities  of  produce  reached  were  those  obtained 
with  the  largest  quantities  of  sewage  (9,000  tons  per  acre  per 
annum),  and  in  the  third  year  of  the  experiments,  amounting  in 
the  five-acre  field  to  37  tons  of  green  grass,  equal  rather  more 
than  7  tons  of  hay,  and  in  the  ten-acre  field  to  nearly  35  tons 
of  green  grass,  equal  nearly  6  tons  13  cwts.  of  hay. 

Tba  average  increase  of  green  grass  over  the  natural  produce 
for  1,000  tons  of  sewage  applied  was,  with  3,000  tons  of  sewage 
per  acre  nearly  5  tons,  with  6,000  tons  of  sewage  rather  more 
than  4  tons,  and  with  9,000  tons  not  quite  3^  tons.  Reckoned 
as  bay,,  tbe  average  increase  for  1,000  tons  of  sewage  was,  with 
3^000  tons  ofi  sewage  per  acre  16  cwts.,  with  6,000  tons  nearly 
11  cwta.,  and  with  9,000  tons  9^  cwts.  As,  however,  these  average 
results  relating  to  increase  include  those  of  the  ten-acre  field,  where, 
owing  to  the  very  high  natural  produce,  the  amount  reckoned  as 
increase  due  to  sewage  was  comparatively  small,  it  is  probable  that 
results  equal  at  any  rate  to  those  of  the  five-acre  field  may  be 
expected  in  the  average  of  cases  elsewhere ;  and  where,  as  may 
frec^uently  happen,  a  soil  which  yields  a  very  small  natural  pro- 
duce, may,  nevertheless,  owing  to  its  physical  qualities,  be  well 
adapted  for  the  application  of  sewage  and  give  large  amounts  of 
produoe  per  acre  under  its  influence,  the  amounts  of  increase  for  a 
given  amount  of  sewage  applied  may  be  even  considerably  higher 
than  those  obtained  in  the  five-acre  field. 

The  general  result  is,  that  there  was  much  more  total  produce 
per  acre  with  6,000  tons  of  sewage  than  with  3,000,  and  more  atill 
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with  9,000 ;  but  that  the  increase  for  a  given  amount  of  sewage 
applied  was  less  with  9,000  tons  than  with  6,000^  and  less  with 
6,000  than  with  3,000. 

The  increase  in  the  amount  of  produce  with  each  increase  in 
the  quantity  of  sewage  applied  appears  proportionally  greater 
when  reckoned  as  green  grass  than  as  hay.  This  is  due  to  the 
much  greater  succulence,  and,  therefore,  leas  proportion  of  dry 
substance  in  the  more  highly  sewaged  and  heavier  crops.  The 
question  arises,  whether,  with  a  less  proportion  of  dry  substance  in 
the  sewaged  grass,  a  given  weight  of  that  dry  substance  will  have 
a  greater  or  a  less  value  as  food  for  stock  than  an  equal  weight 
from  the  less  succulent  unsewaged  grass?  This  point  will  be 
fully  considered  in  subsequent  Sections  of  the  Keport. 

11.  Experiments  with  Italian  Rye-yrass. 

In  April  1863  arrangements  were  made  with  Mr.  Campbell 
for  gauging  the  sewage  applied,  and  weighing  and  sampling  the 
produce  obtained,  in  a  field  of  Italian  rye-grass,  and  also  for 
trying  the  feeding  qualities  of  the  grass.  From  the  field  in 
question,  a  crop  of  tares,  which  had  been  manured  with  farm- 
yard dung,  had  been  carried  off  in  the  spring  of  1862.  The 
land  was  then  cleaned,  again  manured  with  stable  and  farm-yard 
dung,  and  sown  down  with  rye-grass  in  September  (1862);  and, 
at  the  time  of  commencing  the  experiment  in  the  following  Spring, 
there  was  a  promising  and  tolerably  even  crop. 

Three  plots  of  about  an  acre  each  were  set  apart ;  plot  1  to  be 
unsewaged ;  plot  2  to  receive  sewage  at  the  rate  of  3,000 ;  and 
plot  3  at  the  rate  of  6,000  tons  per  acre  per  annum.  So  meagre 
was  the  flow,  however,  that  up  to  the  end  of  October  (1863)  only 
787  tons  had  been  applied  to  plot  2,  and  1,522^  tons  to  plot  3, 
instead  of  1,512  and  3,057  tons,  respectively,  that  were  required 
according  to  the  rates  intended,  reckoning  from  the  date  of  the 
first  application  in  the  Spring. 

The  particulars  of  the  amounts  of  sewage  applied,  and  of  the 
amounts  of  produce  and  increase  obtained,  reckoned  both  as  ereen 
grass  and  in  the  condition  of  dryness  of  hay,  are  given  in  Table  Y., 
p.  17.  Further  details  will  be  found  in  Appendix,  Table  V., 
pp.  97-100. 
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Table  V. 


-Amounts  of  Sewage  applied,  and  of  Produce  and  Increase 
obtained,  in  Experiments  on  Italian  Rye-grass, 

Season  1863. 


Sewage  applied  per  Acre. 

Ton$. 

Tons. 

Anra       -      - 
May          .       .       . 

1521 

48*0 
237-6 

June      -      • 

178-0 

364-7 

July         -       .       . 

218*1 

4031 

Augasl 

120-8 

163-4 

September 

60-1 

219-9 

October 

681 

75-9 

Total   .  .   • 

•• 

787-2 

1522*6 

Bye-grass  obtained  per 

Acre, 

duriDg  each  separate  Month. 

Tons  ewts,  qrg. 

lbs. 

Tons  acts,  qrs.   lbs. 

7\ms  ctcts,  qrs,  lbs. 

Ajnil       ... 

8         4       1 

21 

4        8       1       22 

8       16       3       15 

1       17       2 

23 

—        —       —        . 

1       11       1         7 

June       -        -        - 

8       18       0 

22 

7        1       1       27 

6         9       3       13 

July      -       - 

-        -       - 

- 

5       16       3       21 

6       10       2       21 

AufUftt          •  ' 

2         0       1 

13 

1        14       1        IS 

8         0       2       10 

Sept4*mber 

0         9       2 

7 

0        13        1         6 

1       12        0       11 

October 

0         6       0 

9 

1         6       3       16 

2         3        0       12 

16       16       0 

19 

20       15        1        21 

25         3        2         5 

Rye- 

•grass 

obtained 

per  Acre,  in 

each 

snccessiye 

Crop. 

l8t  Crop 

6 

2       0 

16 

4 

8 

1      22 

8 

15 

3 

16 

SdCrop 

8 

18       0 

2 

7 

1 

1       27 

6 

14 

0 

8 

SdCrop 

2 

0       1 

13 

5 

16 

8       21 

7 

7 

1 

IS 

4th  Crop 

0 

9       2 

7 

1 

14 

1        13 

4 

2 

2 

23 

5th  Crop 

0 

6        0 

9 

0 

18 

1         6 

2 

0 

1 

23 

€th.  Crop         • 

— 

—       — 

— 

1 

5 

8       16 

2 

8 

0 

12 

16 

10       0 

19 

20 

15 

1        21 

26 

8 

2 

6 

Summary  of  Produce  per  Acre. 


Green  Gnus 
Beckoned  as  Hay*   • 


25 
6 


3 
12 


2 
2 


5 
11 


Increase  of  Produce  per  Acre. 


As  Green  Gnas 
Reckoned  as  Hay*   • 

3 

0 

19 
6 

1 

1 

2 

8 

8 
0 

7 
13 

1 
3 

14 
3 

Increase  for  each  1,000  Tons  of  Sewage  applied. 


As  Green  Gi 
BfGckoned  as  Hay*  • 


6 
0 


9 
9 


8 
0 


17 
6 


*  The  amoont  of  hay  to  which  the  grass  is  equivalent  is  calculated  by  raising  the  amount  of 
the  experimentally  d^rmined  perfectly  drv  or  solid  substance  in  the  gram,  in  the  proportion 
of  from  84  to  100,  on  the  assumption  that  the  hay  would  oontidn  64  per  cent,  of  dry  substance 
and  16  per  cent,  moisture. 

When  the  experiment  with  rje-graes  was  deteircviivfcA.  mY^tl 
early  in  Apii],  the  grass  was  so  far  forward  tViat  \\.  ^«J^  ^Q>xaSL 
necessary  to  take  a  £rst  cutting   without  Eewaa<^,  >a^toT^  "Ock^ 
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water-runs  could  be  properly  adapted  for  the  separate  irrigation 
of  the  respective  plots,  and  hence  but  little  sewage  was  applied 
before  the  end  of  April,  and  that  little  only  on  plot  3.  The 
effect  of  the  sewage  was,  therefore,  as  the  second  and  third 
divisions  of  the  Table  show,  to  increase  the  produce  chiefly 
during  the  later  months  and  later  crops  of  the  season,  and  it 
did  so  very  much  in  proportion  to  the  amounts  applied. 

The  total  produce  per  acre  was,  without  sewage  (though 
otherwise  pretty  well  manured),  rather  more  than  16|  tons, 
with  787  tons  of  sewage  rather  more  than  20|  tons,  and  with 
1,522^  tons  of  sewage  nearly  25;^  tons  of  green  grass;  or, 
reckoned  at  a  uniform  condition  of  dryness  as  hay,  the  amounts 
were  equivalent  to  4  tons  18|  cwts.,  5  tons  5^  cwts.,  and  5  tons 
12^  cwts.  respectively.  The  increase  of  produce  per  acre  was, 
therefore,  nearly  4  tons  of  green  grass  due  to  the  smaller,  and 
about  8  tons  7^  cwts.  due  to  the  larger  application  of  sewage ; 
though  the  increase  in  real  dry  substance  represented  only  6^  cwts., 
and  13|  cwts.  of  hay,  respectively. 

The  increase  reckoned  for  1,000  tons  of  sewage  in  each  case 
was,  with  the  smaller  quantity  applied,  5  tons  Of  cwts.,  and 
with  the  larger  quantity,  nearly  5  tons  10  cwts.  of  green  grass ; 
but  the  increase  of  real  dry  substance  represented  only  8  cwts., 
and  9  cwts.  of  hay,  respectively.  The  increase  in  real  dry  or 
solid  substance  was,  therefore,  very  small ;  but  it  will  be  seen 
further  on  that,  at  any  rate  in  the  case  of  the  meadow  grass 
(and  it  is  probably  the  same  with  the  rye-grass),  a  given  amount 
of  the  dry  substance  of  the  sewaged  produce  was  more  productive 
of  milk,  and  even  slightly  more  of  increase,  than  an  equal  amount 
of  the  dry  substance  of  the  unsewaged. 

The  general  result  is,  that  there  was  as  much  or  more  increase 
of  green  produce  for  1,000  tons  of  sewage  with  the  rye-grass  than 
in  most  of  the  cases  in  the  same  season  with  the  meadow-grass, 
where  so  very  much  larger  quantities  of  sewage  were  applied, 
though  the  increase  of  dry  substance  reckoned  as  hay  was  gene- 
rally the  higher  with  the  meadow-grass.  That  is  to  say,  the  com- 
paratively large  amounts  of  sewage  applied  to  the  meadow-grass 
gave,  on  the  average,  a  larger  amount  of  increase  in  dry  or  soli<l 
substance,  for  a  given  quantity  of  sewage,  than  the  much  smaller 
amounts  applied  to  the  rye  grass.  It  is  also  to  be  observed  that 
there  was  a  larger  amount  of  increase,  both  of  green  grass  and  of 
dry  substance  reckoned  as  hay,  for  a  given  quantity  of  sewage  on 
plot  3  with  the  larger,  than  on  plot  2  with  the  smaller  amount 
applied  to  the  rye-grass.  The  facts  point  to  the  conclusion  that, 
for  the  season' in  qviestion,  the  larger  quantity  applied  was  below 
that  required  to  yield  the  maximum  increase  for  a  given  amount 
of  sewage.  It  is  obvious,  however,  that  it  may  be  advantageous 
even  to  paM  this  point;  for,  within  certain  limits,  it  will  be 
economical  to  reduce  the  area  and  cost  of  distribution  at  the 
expense  of  a  certain  sacrifice  of  sewage. 
It  js  to  be  regretted  that  the  plant  of  rye-grass  was  so  much 
Mojared  by  frost  during  the  winter  of  186&A  (^faxOi  vt  ^^  >3[v^  m^x^ 
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Table  VL — Summary  of  the  Results 


PLOTf,ftC. 


1.  Unsewaged 
8.  Sewaged 
8.  Sewiged     - 
4.  Sowiged 


1.  Unsowaged 
8.  Sewaged     • 
S.  Sewaged 
4,  Sewaged     ' 


1.  Unaewaged 
S.  Sewaged 
8.  Sewaged     • 
4.  Sewaged 


Consumed  per  Head  per  Day. 


Freeh  Food. 


Grass. 


Oilcake. 


Dry  Substance 
of  Food. 


In 
Grass. 


In 
OUcake. 


Consumed  t>e: 
weignt 


Fresh  Food. 


NVlM. 


Grass. 


Oilcake. 


Seasoi 


Lbs. 
89*8 


106*8 


Lbs. 


•  Lbs. 
88*7 


81*8 


Lbs. 


Lbs. 
676 


668 


Lbs. 


TalaeofbeMf 

inliTMi^ 
from  the  inn«ai* 

PW*B»ft«" 
yMOtoiiiBe«*fl^ 


the     p-^ 

jonsmaeoj^'"*^ 
(If  any). 


£  i. 


Season  1862  ;  Reckonii 


:i 


105*4 


186*1 


8*6 


8*6 


88*6 


80*9 


8*1 


8*1 


684 


704 


19*7 


19*9 


Season  1862  ;  Beckoni 


100*9 


188*8 


8*7 


8*7 


88*9 


80*9 


8*8 


8*3 


586 


668 


19*6 


19-7 


8   8 
8   6 

1   8 


BIS 

lU 
1    1 


*  Tb0  maims  cf  ftlie  ineraaae  in  Uve-welff^t,  '*  fadortf e  (Ht  cSVoak^,"  ^a  T«cikoaed  b; 
»gW^  "excluMlre  of  oilcAke,"  by  dedocting  from  the  graia  \ncraMM^\.\v  ^jCkfiaku 
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^re  the  Bewage  had  been  the  most  liberally  applied)^  that  it 
eocwary  to  plough  it  up,  otherwise  the  exi)erimeDt  would 
continued  through  the  season  of  1864.  Instead  of  this^ 
sown  over  the  three  plots  without  any  further  manurej 
was  obvious  to  the  eye  during  growth  that  the  crop  was 
betvier  where  sewage  had  been  applied  to  the  rye-grass  than 
it  had  not>  and  heavier  where  the  larger  than  where  the 
r  quantity  had  been  applied. 

III.  Experiments  with  fattening  Oxen. 

in  1861,  so  in  1862,  10  oxen  were  purchased  and  tied  up  in 

to  consume  the  grass  from  the  five  acre  field ;  two  to  be 

nnaewaged,  and  the  remaining  eight  on  sewaged  grass ;  tho 

to  be  out,  as  ready,  indiscriminately  from  the  three  sewaged 

In  1861,  the  animals  had  grass  alone  for  the  first  16  out 

SO  weeks  of  the  whole  experiment,  and  they  had  oilcake  in 

m  (four  pounds  per  head  per  day)  only  during  the  concluding 

reeKs.     The  object  was  to  try  grass  alone  in  the  first  season^ 

le  result  was  very  unfavourable.    In  1862,  oilcake  was  given 

itioA  to  tho  grass  from  the  commencement,  in  quantity  which, 

^  o^'er  the  whole  period  of  nearly  23  weeks,  amounted  to 

Sj^lbs.  per  head  per  day. 

e  detailed  records  of  the  experiments  in  1861  were  given  in 

.ppendix  to  the  last  Report,  and  those  of  the  experiments  of 

wUl  be  found  in  Tables  VI.  to  VIIL,  pp.  101-108,  in  the  Ap- 

t  to  the  present  Report    Table  YL  (opposite)  summarises,  and 

I  together  at  one  view,  the  results  obtained  in  1861  on  gmss 

and  those  in  1862,  on  grass  with  oilcake  in  addition.     Tho 

division  of  the  Table  relates  to  the  experiments  of  1861 ; 

liddle   one   to  the  whole  period   of  experiment  of  1862, 

ing  the  first  four  weeks  during  three  of  which  the  oxen 

ieoly  on  unsewaged  grass,  had  (for  want  of  supply)  sewaged 

and  the  lower  division  represents  the  results  exclusive  of 

It  month.     Inasmuch  as  both  lots  increased  very  much  more 

:  the  first  month  than  afterwards,  the  rate  of  increase  on 

hde  would  appear  comparatively  small  if  that  period  were 

d;  whilst,  including  it,  included  also  the  period  of  three 

during  which  the  two  oxen  had  sewaged  grass.     It  was 

It  better,  therefore,  to  give  tho  results  both  ways.     Tho 

risen    between    the    effects   of   the    unsewaged   and    the 

^  grass  is,  however,  much  the  same  whichever  period  be 

d. 

)0th  years  a  greater  weight  of  the  fresh  sewaged  grass  was 
ncd  per  head  per  day,  and  per  1,000  lbs.  live- weight  per 
than  of  the  less  succulent  unsewaged  grass ;  but  the  dry 
id  substance  contained  in  the  larger  amount  of  sewaged 
oonsotned  was  less  than  that  in  the  unsewaged.  Ag^in, 
as  in  1861,  grass  was  given  alone,  more  of  the  Bewailed 
>f  the  vnaewHged,  reckoned  in  the  green  or  ftedci  «^aXa« 
juired  to  piyduce  100  lbs.  increase  in  live-^eig|bt\  >\iom^ 
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tbe  amount  of  dry  substance  contained  in  the  sewaged  grass  so  re* 
quired  was  only  about  four  fifths  as  much  as  that  in  the  unsewaged 
grass.  But  when^  as  in  1862^  a  fair  allowance  of  oilcake  was 
given  in  addition^  very  much  less  both  of  fresh  food  and  of  dry- 
er solid  substance  of  food  were  required  to  produce  100  lbs* 
increase  in  live- weight  than  in  1861  with  grass  alone,  and  con- 
siderably less  of  the  dry  or  solid  substance  of  the  more  succulent 
sewaged  than  of  the  drier  unsewaged  grass  was  required. 

It  is  also  observable,  that,  reckoned  in  the  green  state,  about 
the  same  amount  both  of  the  unsewaged  and  sewaged  grass  was 
consumed  per  1,000  lbs.  live-weight  per  week  in  1862  with  oilcake 
in  addition,  as  in  1861  with  grass  alone;  but  the  dry  substance 
supplied  in  the  grass  consumed  in  1862,  with  oilcake,  was,  both 
with  the  unsewaged  and  the  sewaged  grass,  less  than  in  1861 
without  it. 

The  result  in  1861,  when  cut  grass  was  given  alone,  was 
extremely  unsatisfactory,  the  amount  of  food  required  to  pro- 
duce a  given  amount  of  increase  being  unusually  large,  and 
the  rate  of  increase  on  a  given  weight  of  animal  within  a 
given  time  unusually  small.  But  when,  in  1862,  oilcake  was 
given  with  the  grass,  and  especially  when  given  with  the 
sewaged  grass,  very  much  better  results  were  obtained.  Indeed, 
in  1862,  the  rate  of  increase  per  1,000  lbs.  live-weight  per  week 
(if  taken  over  the  whole  period  of  nearly  23  weeks)  was,  both  with 
unsewaged  and  with  sewaged  grass  (and  oilcake  in  addition),  about 
equal  to  the  average  obtained  with  animals  of  fair  quality  fed  on 
good  fattening  food ;  but  the  food  consumed  for  the  production 
of  100  lbs.  of  increase,  even  in  the  case  of  the  sewaged  grass, 
contained  more  dry  or  solid  substance  than  is  usually  required 
when  oxen  arc  liberally  fed  on  oilcake,  hay-chaff,  and  roots,  and 
with  the  unsewaged  grass  considerably  more.  It  should  be  borne 
in  mind,  however,  that  the  experiment  with  unsewaged  grass  was 
on  two  animals  only,  whilst  that  with  the  sewaged  was  on  eight, 
giving,  therefore,  a  much  more  trustworthy  average;  and  the 
results  given  in  Appendix,  Table  VII.  p.  107,  show  that  one  of  the 
two  oxen  on  unsewaged  grass  gave  less  increase  than  any  of  those 
on  the  sewaged,  whilst  the  other  gave  considerably  more  than  the 
average  increase  of  the  latter. 

The  general  result  is  that  the  sewaged  grass  cut  green  and 
given  to  oxen  tied  up  under  cover,  gave,  when  supplemented 
with  a  fair  allowance  of  oilcake,  a  good  average  rate  of  increase 
in  relation  to  the  weights  of  the  animals  within  a  given  time,  and 
also  a  moderate  rate  of  increase  in  relation  to  the  amount  of  dry 
or  solid  substance  provided  in  the  food  consumed. 

It  remains  to  say  a  few  words  on  the  last  ten  columns  of 
Table  VI. 

It  is  seen  that,  by  the  aid  of  sewage,  the  time  which  an  acre 
of  land  would  provide  food  for  an  ox  was  increased  three  or  more 
fold,  varying  according  to  the  amount  of  sewage  employed. 
Taking  into  account,  however,  the  large  amounts  of  oilcake 
consumed  with  the  produce  of  each  acre  in  1862^  it  results 
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tkat  (excepting  on  plot  2,  where  the  produce  was  very  much 
larger  than  in  1861)  a  given  area  would  support  considerably  less 
stock  in  the  cold  and  wet  season  of  1862  than  in  the  more  genial 
one  of  1861. 

The  amount  of  increase  in  live-weight  yielded  from  the  produce 

of  an  acre  was  also  increased  several  fold  by  means  of  sewage ; 

nbout  three-fold  with  the  hiorhcst  amount  of  sewage  when   the 

grass  was  consumed  alone^  and  nearly  four-fold  in  1862,  when 

oilcake  was  given  in  addition,  in  much  about  the  same  proportion 

to  a  given  amount  of  the  unsewaged  and  the  sewaged  grass. 

It  was  shown  in  the  last  Eeport  how  very  small  was  the  gross 
xinoney  value  of  the  increase  in  live-weight  obtained  from  the 
consumption  of  the  produce  of  an  acre,  or  of  the  increased 
X^roduce  from  1,000  tons  of  sewage,  when  the  grass  was  con- 
nmcd  alone,  and  the  results  then  referred  to  are  given  in  the 
ipper  division  of  the  Table  to  compare  with  those  m  the  lower 
iliviflions  relating  to  1862,  when  oilcake  was  also  used.  The  result 
3  seen  to  be,  that  the  money  value  of  the  increase  in  live-weight 
Vom  the  produce  of  an  acre  of  sewaged  land,  or  from  the  produce 
f  1,000  tons  of  sewage,  was  very  much  greater  in  1862,  when 
ilcake  was  given,  than  in  the  corresponding  cases  in  1861  with- 
ut  it.  The  money  return  per  acre  was  also  from  three  to  four 
as  great  with  sewage  as  without  it,  and  although  it  is  greater 
9,000  or  6,000  than  where  only  3,000  tons  of  sewage  were 
pplied,  yet  the  return  calculated,  not  per  acre,  but  for  each 
3,000  tons  of  sewage,  is,  in  each  case,  the  less  the  greater  the 
^unount  applied. 

The  next  section  of  the  Report  will  show  that  a  very  much 
higher  money  value  was  obtained  both  from   an  acre  of  land, 
^nd  from  a  given  amount  of  sewage,  when  the  sewaged  grass 
^was  employed  for  the  production  of  milk  instead  of  meat.     But 
it  may  be  mentioned  that  at  Croydon,  although  the  land  is  there 
:inore  liberally  sewaged  than  was  the  case  in  any  of  the  Rugby 
^experiments,  satisfactory  results  have  been  obtained  with  fattening 
stock  fed  on  the  land.     The  practice  there  is,  to  irrigate  for  three 
or  four  days  and  nights  together  two  or  three  times  for  each  crop, 
and  when  the  grass  has  got  a  sufficient  head,  to  stop  the  appli- 
cation and  turn  the  stock  upon  the  land,  where  they  remain  until 
the  grass  is  closely  eaten  down ;  they  are  then  removed,  the  land 
is  re-irrigated,  and  so  on. 

IV.  Experiments  with  Milking  Cows. 

By  the  kindness  of  Mr.  Campbell,  experiments  were  made  with 
his  cows  each  year,  1861,  1862,  and  1863,  on  the  milk-yielding 
qualities  of  the  grass. 

In  1861,  12  of  Mr.  Campbell's  cows  were  carefully  selected 
and  set  apart  to  be  fed  on  grass  alone,  2  on  unsewaged  and  10  on 
sewaged  grass,  and  the  experiment  was  so  conducted  over  a  ^^x\ad 
of  16  weeks.    It  was  afterwards  continued  for  4  N^e^Vi^  \ati^«t» 
with  aa  allowance^  of  oilcake  as  well  as  grass. 
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In  1862,  3  cows  were  selected  to  receive  oilcake  and  unsewaged, 
and  12  oilcake  and  sewaged  grass^  and  the  experiment  was  con- 
tinued for  24  weeks. 

In  1863^  20  recently  calved  cows  were  selected^  5  to  be  fed  on 
unsewaged -meadow  grass,  10  on  sewaged  meadow  grass,  and  5  on 
Italian  rye  grass.  The  design  was  to  give  each  lot  grass  alone  for 
the  first  12  weeks,  and  afterwards  a  certain  amount  of  oilcake  in 
addition. 

The  detailed  records  of  the  experiments  with  cows  in  1861 
were  given  in  the  Appendix  to  the  last  Beport ;  and  those  of 
the  experiments  in  1862  and  1863  will  be  found  in  Tables  IX.  to 
XIV.,  pp.  109-162,  in  the  Appendix  to  the  present  Report  The 
results  of  all  the  experiments  are  given,  in  a  condensed  form,  at 
one  view,  in  Table  VII.  opposite. 

Leaving  the  more  detailed  Tables  for  reference,  to  supply'  any 
further  illustrations  or  explanations  that  may  be  needed,  it  will 
be  sufficient  to  make  a  few  comments  on  the  main  facts  brought 
to  view  in  the  last-mentioned  summary  Table. 

Reviewing  the  results  of  the  experiments  in  which  sewaged  waa 
tried  against  unsewaged  meadow  grass,  it  is  observable  that,  ex- 
cepting in  the  first  season  (1861),  the  cows  required  more  both 
per  head  per  day,  and  per  1,000  lbs.  live  weight  per  week,  of  the 
fresh  or  green  sewaged  than  of  the  unsewaged  grass ;  yet,  the  yield 
of  milk,  both  per  head  and  per  1,000  lbs.  live  weight,  was,  with- 
out exception,  the  greater  with  the  unsewaged  grass.  The  increase 
in  live  weight  was  also  somewhat  the  greater  on  the  unsewaged 
grass  in  1861  and  1862,  but  the  contrary  was  the  case  in  1863. 

Reckoned  in  the  fresh  or  green  state  in  which  it  was  cut  and 
carted,  there  was,  in  fact,  in  every  case  but  one  (and  then  the 
quantities  were  equal),  considerably  less  of  the  unsewaged  than 
of  the  sewaged  grass  required  to  be  consumed  for  the  produc- 
tion of  one  gallon  of  milk.  It  should  be  remarked,  howeyer, 
that  the  unsewaged  grass  was  generally  cut  in  a  much  riper  and 
less  succulent  condition,  and  therefore  contained  a  conaideraUj 
higher  per-centage  of  dry  or  solid  substance  than  the  sewaged. 
It  may  be  also  nere  mentioned  that  in  1863  the  cows  having 
professedly  unsewaged  meadow  grass,  in  default  of  a  sufficient 
supply  of  it,  had  necessarily  for  a  considerable  part  of  each  of  the 
periods  of  12  weeks  imsewaged  rye-grass. 

Weight  for  weight,  in  the  fresh  or  green  state  in  which  ihe 
ffrass  was  cut,  weighed,  and  given  to  the  cows,  the  unsewaged  grass 
has,  therefore,  proved  to  be  far  more  productive  than  the  sewaged. 
But  when  the  comparison  is  made,  not  between  the  amounts  of 
grass  reckoned  in  the  fresh  state,  but  between  the  amounts  of  dry 
or  solid  matter  which  the  difierent  descriptions  of  grass  supidiedi 
the  result  is  that,  in  only  one  instance  was  there  more,  and  ip 
the  others  there  was  either  an  equal  amount  or  even  less  of  .dry  or 
solid  substance  of  sewaged  than  of  unsewaged  grass  required  for 
theproduction  of  a  given  amount  of  milk. 

The  general  result  in  regard  to  tViese  \ioviitA  yreS)  then,  that  in 
botb  milk  and  increase,  but  espeoiaUy  ixvBk,  «l  ^vnto.  ^^a^  .^ 
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aninud  was  more  productive  when  fed  on  unse waged  than  on 
sewaged  grass^  and  that  a  given  weight  of  fresh  unse  waged  grass 
was  more  productive  than  an  equal  weight  of  fresh  sewaged  grass; 
bat  that  a  given  weight  of  dry  or  solid  substance  supplied  in 
sewaged  grass  was  more  productive  than  an  equal  weight  supplied 
in  unsewaged. 

A  careful  consideration  of  the  results  leads  to  the  conclusion 
that  there  was  some  considerable  variation  in  the  quality  of  the 
prass  in  the  three  different  seasons.  It  was  obviously  very  inferior 
m  the  wet  and  cold  season  of  1862.  There  is  aUo  evidence  of  a 
considembly  diminished  productiveness  of  a  given  weight  both  of 
green  sewaged  grass  and  of  the  dry  substance  of  sewaged  grass 
towards  the  end  of  the  Eeason ;  though  part  of  the  falling  off 
ivrhich  the  figures  show  is  doubtless  attributable  to  the  changing 
condition  of  the  cows  themselves  as  the  season  advanced. 

The  experiments  do  not  afford  the  means  of  strictly  comparing 
the  productive  qualities  of  rye  grass  with  those  of  meadow  grassi 
or  of  sewaged  with  those  of  unsewaged  rye  grass.  Thus,  as 
already  alluaed  to,  the  cows  professedly  fed  on  unsewaged  meadow 
grass  in  1863  had,  during  a  considerable  part  of  the  experimental 
period,  unsewaged  rye  grass ;  whilst  those  fed  on  rye  grass  had 
indiscriminately  the  unsewaged  and  the  sewaged.  The  indication 
is,  however,  that  somewhat  more  of  the  dry  substance  of  the 
sewaged  rye  grass  than  of  the  sewaged  meadow  grass  was  required 
to  produce  a  given  result;  though  tlie  difference  is  less  during 
the  later  than  the  earlier  period  of  the  season.  It  is  probable, 
indeed,  that  sewaged  Italian  rye  grass  deteriorates  less  towards  the 
end  of  the  season  than  sewaged  meadow  grass. 

It  remains  to  indicate,  approximately,  the  increased  yield  of 
saleable  produce,  and  the  money  value  of  that  produce,  from  an 
acre  of  land,  and  from  1,000  tons  of  sewage,  according  to  season, 
and  to  the  amount  of  sewage  applied. 

The  last  ten  columns  of  Table  YII.  refer  to  these  points.  In 
explanation  of  the  figures  there  given  it  should  be  stated,  that  the 
estimates  of  the  amount,  and  value,  of  the  milk  yielded  per  acre, 
are,  in  the  case  of  each  plot,  based  upon  the  total  amounts  of  grass 
obtidned  per  acre  throughout  the  season,  and  upon  the  average 
rate  of  consumption  and  yield  of  milk  during  each  separate  periM, 
on  unsewaged  grass  in  the  case  of  plot  1.,  and  on  the  mixed  sewaged 
grass  in  that  of  plots  2,  3,  and  4 ;  and  the  estimates  are  framed 
so  as  to  show,  as  far  as  practicable,  the  amount  and  value,  both 
inclusive  and  exclusive  of  oil-cake  when  it  was  given,  as  will 
be  better  understood  by  rererence  to  the  columns  in  the  Table, 
and  the  foot  note  relating  thereto. 

It  is  obvious  that  such  estimates  can  only  be  approximations  to 
the  truth.  But  such  they  are,  and  considered  as  such  only,  they 
are  little  likely  to  mislead  any  acquainted  with  practical  agri- 
culture, and  with  the  limits  within  which  such  calculations  are  and 
are  not  of  general  application. 

Beferring  first  to  the  experiments  with  meadow  grass^  the  result 
(excluding  the  case  of  1862,  when  the  unsewaged  cxo^  Va  \)cift  \^u- 


acre  field  was  bo  reiy  large)  waa,  that  the  produce  of  an  acre 
without  sewage  was  competent  to  feed  one  cow  for  from  19  to  23 
weeks,  Tarjing  according  to  the  season,  or  whether  the  grass  were 
consumed  alone  or  with  oil-cake  in  addition.  The  same  area  was^ 
with  the  aid  of  3,000  tons  of  sewage,  rendered  capable  of  proyiding 
keep  for  two  to  two  and  a  half  cows  for  the  same  period  of  time ; 
or^  as  represented  in  the  Table,  for  one  cow  from  two  to  two  and  a 
half  times  as  long,  with  6,000  tons  of  sewage  for  three  to  three 
and  a  half  times  as  long,  and  with  9,000  tons  from  three  and  a 
half  to  four  times  as  long. 

Represented  in  quantity  of  milk,  in  1861,  when  the  sewage 
was  not  applied  until  the  Spring,  the  produce  per  acre  was,  without 
sewage,  321^  gallons,  and  with  the  different  amounts  of  sewage 
fi70|,  820^,  and  961^  gallons,  respectively.  Keckoned  accordii^ 
to  the  rate  of  consumption  of  grass  and  of  the  yield  of  milk  during 
the  first  12  weeks,  or  most  favourable  period,  of  the  grass  season 
of  1863,  when,  as  in  1861,  the  grass  was  consumed  alone,  but 
unlike  1861  the  ecwage  had  been  applied  throughout  the  winter 
months,  and  when  the  cows  bcini;  mostly  newly  csdved  were  also 
in  their  most  favourable  condition,  the  estimated  yield  of  milk 
reckoned  upon  the  total  produce  of  grass  per  acre  was,  without 
sewage  402  gallons,  and  with  the  difierent  amounts  of  sewage 
1,019,  l,404f ,  and  1,544  gallons,  resi>ectively ;  or,  so  far  as  the 
sewaged  plots  were  concerned,  from  one-half  to  two-thirds  more 
per  acre  than  in  1861  reckoned  according  to  the  rates  of  con- 
sumption and  yield  of  milk  over  the  whole  of  that  season. 

nith  the  aid  of  the  large  quantities  of  oilcake  stated  in  the 
Table,  the  yield  of  milk  per  acre  in  1862,  when  the  season  was 
very  favourable  for  the  unsewaged  but  compan\tively  unfavour- 
able for  the  sewaged  land,  was,  without  sewage  666^  gallons,  and 
with  the  difierent  amounts  of  sewage  920^,  1,07 2|,  and  1,056 
gallons ;  and,  according  to  the  rates  of  consumption  and  yield  of 
milk  when  oilcake  was  given  during  the  latter  half  of  the  season 
of  1863,  the  yield  of  milk  per  acre  calculated  upon  the  total  pro- 
duce of  grass  throughout  the  season  in  each  case  was,  without 
sewage  444^  gallons,  and  with  the  different  amounts  of  sewage 
780,  1,075,  and  1,18 1^  gallons  respectively. 

The  general  result  is,  that,  on  the  sewaged  plots,  the  yield  of 
milk  was  at  a  less  rate  per  acre  with  oilcake  during  the  latter  or 
inferior  part  of  the  season  of  1863,  than  without  it  during  the  earlier 
or  more  favourable  portion  of  the  same  season;  but  it  was  at  much 
the  same  rates  per  acre  during  the  latter  or  inferior  part  of  the 
comparatively  favourable  season  of  1863,  as  during  the  entire 
period  of  the  unfavourable  season  of  1862.  Lastly,  on  this  point, 
the  yield  of  milk  per  acre  over  the  entire  season  of  1863,  half 
without  and  half  with  oilcake,  was  higher  than  that  of  1862  with 
oilcake  throughout,  and  considerably  so  on  the  more  highly 
sewaged  plots. 

So  far  as  may  be  judged  from  the  limited  experience  which  these 

results  record,  it  would  appear  probable  that  with  an  average 

_       supply  of  aboul  5,000  tons  of  sewage  per  acre  per  annum  to  meadow 


fcdy  and  inrith  cows  taken  indiscriminately  at  various  periods  after 
.viog,  an  average  of  not  less  than  1^000  gallons  of  milk  per 
re  might  be  expected  ;  or  more  than  this  when  cows  are  taken 
th^r  best,  and  the  season  and  other  circumstances  are  more  than 
□ally  favourable. 

In     tbe    case   of   the  experiments  with    rye-grass  much  less 

ivage  inras  applied  than  is  above  assumed,  and  the  results  relate 

tbe  experience  of  one  season  only,  which  was  not  only  a  compa- 

lively    favourable  one  for  the  action  of  sewage,  but,  being  the 

Bt  year  of  growth  after  sowing  down,  was  also  favourable  so  far 

the    condition  of  the  crop  was  concerned.     The  indication  is, 

that  with  Italian  rye-grass  a  larger  yield  of  milk  per 

may   be  obtained,  for  the  application  of  a  given  amount  of 

«rage,  than  with  meadow  grass.     But  with  Italian  rye-grass  the 

ad    has    to  be  periodically  broken  up,  during  which  time  less 

srage  i>er  acre,  if  any,  can  be  utilized,  and  hence,  for  the  distri- 

Y^tion  of  a  given  amount  of  sewage,  the  expense  of  laying  down 

fii\ich   larger  area  would  be  necessary  so  far  as  this  crop  were 

Introduced.     On  the  other  hand,  the  advantnge  of  the  practice 

i^ould   be,  that  other  crops,  for  which  the  direct  application  of 

sewage  is  less  appropriate  than  to  grass,  would  be  intermediately 

grown,    cither  relying   upon  the    residue  of  sewage   manuring 

■remaininf:^  in  the  ba*oken  up  land,  or  by  means  of  the  solid  manure 

•^enved   from  the  consumption  of  the  sewaged  grass.     In  either 

^»se^   therefore,  such   produce  would  be  obtained  indirectly  hy 

:aueaas  of  sewage. 

Bearing  in  mind  the  varying  conditions  of  the  several  experi- 
-snents,  the  diiferences  which  the  Table  shows  in  the  estimiated 
value  of  the  milk  yielded  from  the  produce  of  each  acre  ostensibly 
receiving  the  same  amount  of  sewage  will  be  intelligible,  and  it 
will  not  be  necessary  to  call  attention  to  the  figures  in  detail. 
The  results  taken  as  a  whole  lead  to  the  conclusion  that  the  gross 
money  return  per  acre,  reckoned  in  milk  at  Sd.  per  gallon,  might 
be  estimated  at  certainly  not  less  than  30/.  to  S5L  with  an  appli- 
cation of  about  5,000  tons  of  sewage  per  acre  per  annum. 

No  allowance  can  be  made  for  the  value  of  the  increase  in 
weight  in  the  case  of  cows,  for  at  the  end  of  their  milking  period, 
even  though  some  may  gain  in  weight  considerably,  they  are 
certainly,  on  the  average,  of  less  money  value  than  at  the  begin* 
nbg,  so  that  a  deduction  rather  than  an  addition  should  be  made 
on  the  score  of  the  difference  in  value  of  the  animals  themselves, 
at  the  end  as  compared  with  the  beginning  of  their  milking 
period. 

The  last  four  columns  of  Table  YIL  show  the  estimated  yield 
of  milk,  and  the  value  of  the  milk  at  8d.  per  gallon,  from  the  in- 
creased produce  of  1,000  tons  of  sewage  in  vie  different  experi- 
Daents ;  and  the  estimates  are  given  both  inclusive  and  exclusive 
of  oilcake  (if  any)  as  before  referred  to. 

In  1861,  when  the  sewage  was  not  applied  until  the  Spring, 
^d  less  had  therefore  to  be  reckoned  as  contributing  to  1^<^  W 
^irease  obtained^  nearly  180  gallons  of  milk  at^  ^^Xim^V^^  \.^  \^^ 


obtained  for  eacli  1,000  tons  of  sewage,  when  tbe  amount  actually 
applied  had  not  exceeded  3,000  tons,  and  the  rate  per  annum  not 
5,000.  Again,  reckoned  according  to  the  yield  of  milk  for  a 
given  amount  of  grass  consumed  during  the  first  12  weeks,  or  the 
most  favourable  half,  of  the  season  of  1863,  the  increased  yield  of 
milk  for  each  1,000  tons  of  sewage  was  205|  gallons  with  3,000, 
167  gallons  with  6,000,  and  only  126|  gallons  with  9,000  tons  of 
sewage  per  acre  per  annum.  According  to  the  results  obtained 
with  rye  grass  during  the  same  12  weeks  of  the  season  of  1863» 
the  yield  was  even  somewhat  better  than  in  the  most  favourable 
case  with  the  meadow  grass,  and  it  is  the  better  the  larger  the 
quantity  of  sewage,  which,  however,  was  not  applied  until  the 
Spring,  and,  owing  to  deficiency  of  supply,  little  exceeded  1,500 
tons  per  acre. 

Owing  to  the  very  large  produce  without  sewage  In  1862,  and 
to  the  unfavourable  character  of  the  season  for  the  action  of 
sewage,  the  increased  yield  of  milk  estimated  as  due  to  1,000  tons 
of  sewage,  even  with  the  addition  of  a  considerable  amount  of 
oilcake,  was  very  small ;  much  smaller,  indeed,  than  in  the  more 
fikvourable  seasons  without  the  oilcake.  It  was  also  smaller  with 
oilcake  during  the  latter  half  of  the  season  of  1863,  than  without 
it  during  the  former  half,  when  the  quality  of  the  grass,  and  the 
condition  of  the  cows,  were  both  so  much  more  favourable.  Even 
taking  the  whole  of  the  comparatively  favourable  season  of  1 863, 
half  without  and  half  with  oilcake,  but  when  winter  supply  of 
sewage  had  to  be  reckoned  against  the  produce,  the  estimated 
increased  yield  of  milk  for  each  1,000  tons  of  sewage  applied  was 
consideraly  less  than  in  1 861  without  oilcake,  but  when  no  winter 
supply  of  sewage  bad  to  be  reckoned  against  the  yield. 

With  rye-grass,  unlike  the  meadow  grass,  the  vield  of  milk  for 
a  given  amount  of  sewage  was  greater  during  the  latter  part  of 
the  season  with  oilcake,  than  during  the  earlier  or  more  favourable 
part  without  it.  As  before  observed,  it  would  appear  that  rye- 
grass does  not  deteriorate  so  much  as  meadow  grass  as  the  season 
advances. 

In  1861,  when  no  winter  supply  of  sewage  had  to  be  reckoned 
against  the  increase,  and  the  grass  was  consumed  without  oilcake, 
the  estimated  value  of  the  milk  obtained  for  each  1,000  tons  of 
sewage  applied  was  between  61.  and  61  In  1863,  according  to 
the  yield  of  milk  for  a  given  amount  of  grass  during  the  first  half 
of  the  season,  without  oilcake,  the  value  for  each  1,000  tons  of 
sewaffe  was,  with  3,000  tons  more,  but  with  6,000*  and  9,000 
tons  less,  than  in  1861 ;  and,  reckoned  according  to  the  yield  during 
the  latter  half  of  the  season,  it  was,  even  with  oilcake,  little  more 
than  half  as  much  as  according  to  that  during  the  earlier  half ; 
and  in  the  unfavourable  season  of  1862,  also  with  oilcake,  it  was 
even  less  still.  Taking  the  whole  of  the  comparatively  favourable 
season  of  1863,  half  without  and  half  with  oUcake,  the  return  for 
each  1,000  tons  of  sewage^  reckoned  in  milk  at  8^.  per  gallon,  was 
lather  over  521  when  only  3,000  tons  were  appliea,  one  seventh 
Jesei  when  6,000  tons,  and  ouq  third  less  when  9,000  tons  wero 
etnplojred 


With  the  rje-grass  the  eBtunated  monej  return,  for  a  ffiyen 
mmount  of  sewage  applied,  was  considerably  higher  thaoi  wi£  the 
meadow  grass ;  but  it  must  be  borne  in  mind  that  there  was  ao 
winter  supply  of  sewage  to  reckon  against  the  produce,  and  that 
the  results  relate  both  to  the  first  and  most  productive  year  of  the 
growth  of  the  crop,  and  to  a  favourable  season  for  the  application 
of  sewage. 

Excepting  in  the  cases  of  the  rye  grass,  and  of  the  meadow 
glass  in  1861,  in  neither  of  which  had  there  been  any  winter 
supply,  there  was  a  very  marked  diminution  in  the  money 
return  for  a  eiven  amount  of  sewage  where  the  largest  quantities 
were  applied  The  practical  question  suggests  itself — what  is 
approximately  the  limit  of  maximum  yield  for  a  given  amount  of 
sewage  which  is  attainable  without  so  far  increasing  the  area^  and 
consequently  the  cost  of  distribution,  as  to  more  than  counter^ 
balance  the  increased  return  ?  Special  reference  will  be  made  to 
this  point  further  on.  But  it  may  be  here  observed  that,  so  far 
as  these  results  give  the  means  of  judging,  it  would  appear  that 
an  average  of  al^ut  5L  increased  value  of  milk,  reckcmed  at  8(2. 
per  gallon,  may  be  anticipated  from  the  application  of  eacli  1,000 
tons  of  aewage  when  tiie  amount  appUed  does  not  exceed  about 
5,000  tons  per  acre,  per  annum.  This  would  be  equivalent  to  a 
gross  value  of  increased  produce  of  milk  of  rather  more  than  Id. 
for  every  ton  of  sewage  applied. 

V.   Composition  of  the  Rugby  Sewage  Water. 

From  tiie  commencement  of  the  Bugby  experiments,  samples  of 
sewage  have  been  collected  for  analysis  at  short  intervals  in  each 
of  the  two  fields.  The  plan  was,  to  take  about  a  quart  from  tiie 
gauge  tank  in  the  field,  holding  about  3:^  tons,  at  intervals  of 
about  two  hours  for  as  many  days  in  the  week  as  the  sewage 
was  applied ;  and  at  the  end  of  the  week,  after  well  shaking  the 
mixture,  a  one  or  two  gallon  sample  was  sent  to  Professor  W  ay 
for  analysis. 

In  1861,  twelve  such  samples  from  each  field,  representing  the 
supply  for  the  seven  months  of  April  to  October  inclusive,  were 
taken  and  submitted  to  analysis. 

The  season  of  1862  is  reckoned  to  include  the  months  from 
Nov^nber  1861  to  October  1862  inclusive.  During  each  month 
from  November  1861  to  April  1862  inclusive  only  one  sample 
was  taken  from  each  field,  during  May  two,  during  June  one, 
and  during  July,  August,  September,  and  October,  two  were 
taken;  thus  making  a  total  of  17  samples  from  each  field  to 
represent  the  sewage  supplied  during  the  season. 

In  like  manner  the  season  of  1863  was  reckoned  to  include  the 

Siriod  from  November  1862  to  October  1863  inclusive.  From 
ovember  1862  to  March  1863  inclusive  two  samples  of  sewage 
were  taken  in  each  month  in  each  field  ;  in  April  one  only  in 
each  field,  and  in  May  two  in  the  S-acre,  and  one  only  in  the 
10-acre  field.  From  this  date,  namely,  during  June,  July, 
August,  September,  and  October,  a  different  plan  ot  qc^^Oassgl 
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was  adopted.  During  two  weeks  in  each  of  these  months  (as 
a  rule  the  first  and  third)  a  sample  was  taken  every  two 
hours  from  the  gauge->tank  in  whichever  field  the  sewage  was 
being  applied^  and  at  the  end  of  the  week  the  samples  from  the 
two  fields  were  well  mixed^  and  a  portion  of  the  mixture  sent  off 
for  analysis^  as  representing  the  sewage  of  that  week^  without 
distinction  as  to  the  field  in  which  it  was  collected. 

The  results  of  each  of  the  24  analyses  of  the  sewage  repre- 
senting the  season  ending  October  18G1  were  given  in  the 
Appendix  (and  a  summary  of  them  was  given  in  Table  YI.)  in 
the  previous  Keport;  those  of  the  34  for  the  season  ending 
October  1862  are  given  in  Tables  XV.  to  XVII.,  and  those  of  the 
35  relating  to  the  season  of  1863  ending  October  1863,  in  Tables 
XVIII.  to  XXI.^  pp.  163-169,  in  Appendix  No.  1.  in  the  present 
Report. 

Leaving  the  details  for  reference  it  will  be  sufficient  to  give  in 
this  place  the  summary  view  of  the  composition  of  the  sewage 
which  Tables  VIIL  and  IX.  (pp.  29  and  30)  present ;  in  the 
former  of  which  is  given  the  average  grains  per  gallon,  and  in 
the  latter  the  average  lbs.  per  1,000  tons,  of  the  difierent  constitu- 
ents, in  the  sewage  from  each  field,  in  each  of  the  three  seasons^ 
respectively. 


JU9 


CO 

s 

00 


CO 
00 


I 

I 


•5f 

§: 


I 


§ 


e 
S 


5 

§11 

ago 

I  IS 


$E 


S 


J 

83 


«Q 


^Pm 


^ 


to 

.  8 


83 

00  00 


is 


•   « 


9 


s 


OC«D 


2 
J3 


SS 


9 


S8 


«       • 


m       • 

ooo 


s 


^ 


©iH 


•I 


»        I 


•      ft 


8 


5  5 
9  9 


S9 


9S 


f!  9 

•       • 

9  S 


8 


9  is 


3 


S8 


8 


as 


9 


s 


8 


s 


s 


8  S 

9  S 


8;;: 


e      {:8 

•  •    • 


S      8  8 
is     if  8 


8 


88 

lOlH 


8      8^ 


8      S  S 

is     ^8 


8 


« 


S      89 
^      8^ 


^      S  8 

•  •        • 


S      S9 


8 

IO 


*9         Szj 

•  •       • 


^      9  8 

8      iSi  8 


9 

00 


99 


8 

lO 


8S 
8^ 


9 

00 


IO    0*1 


9  ;S 


ft* 


100 


MOO 

00  rH 


S;      8S 


8 

is 


8  8 
^  8 


88 


8 


8 


c 
o  s 

£5 


I  3 

•^  s 


I 


•  g 
si 


If 

II 


I 

I      13 

1 


g 


ill 

III 

II 


lis 


a 


s^g 


III 

» •(J 

gea 

'S'3'3 


J 


««8 


o  a> 


S88 

a  a  a 

OQcOoS 
w  n  n 


\ 


80 

■s 

1 

1 

# 

i  'E 

i  ii 

i  i= 

i 

. 

fll 

» 

1  ii 

i  ii 

i  i» 

i 

1 

i 

1 

{i 

ii 

i  ii 

i  ii 

i  i5 

i 

1 

# 

ii 

i  ii 

i  ii 

i  iS 

i 

ii 

i 

.3 

ill 

1 

m 

is 

i  ii 

i  ii 

i  i= 

i 

1 

is! 

ii 

i  ii 

i  U 

1  ii 

i 

•Is 

P 

1 

m 

Ii 

i  ii 

i  U 

i  ii 

s 

III 

iH 

ii 

i  ii 

i  ii 

I  i' 

i 

1 

^1 

^1 

IH 

ii 

i  ii 

i  Ie 

i  i^ 

i 

1 

I 
1 

I 

H 

p? 

i  Is 

i  ii 

i   i^ 

i 

III 
n 

•1 

• 

i 



■ill  iH  :■  J  iji 

6-3  5 

11"     I 

11 

saa 

ESS 

\ 

i3l 


Ab  the  anmMmia  oontributea  about  three  fourths  of  the  esti- 
kted  money  vahie  of  the  constituents  of  town  sewage,  and  as  its 
si.inount  18  the  best  index  to  that  of  the  associated  constituents 
^^aluable  as  manure,  and  also  to  the  relation  of  population  to~ 
^laantity  of  sewage,  its  proportion  is  of  great  importance  to 


Tables  YIII.  and  IX.  show  that,  according  to  the  mean  of  all 
.he  analyses  for  the  entire  season  in  each  case,  there  was  com- 
tively  little  difference  in  the  amounts  either  of  ammonia,  or  of 
'^otal  matters  in  solution,  in  the  sewage  from  the  two  fields.  The 
^cBifiference  in  the  amounts  of  suspended  matter  was,  however,  more 
^csonriderable. 

Comparing  the  composition  of  the  sewage  of  one  season  with 
^«;hat  of  another,  as  indicated  by  the  mean  result  of  all  the  analyses 
zsrelating  to  each,  it  is  seen  that  the  amounts  of  ammonia,  and  total 
:^matter  in  solution,  are  less  in  the  comparatively  wet  season  of 
^861-2,  than  in  either  of  the  others,  whilst  the  ammonia  is  the 
highest  in  the  dry  season  of  1862-3.     As  no  samples  were, 
.^malysed  during  the  winter  of  1860-61  when  the  sewage  was 
T^rombly  weaker  than  during  the  remaining  portions  of  the  season, 
at  might  be  concluded  that  the  mean  of  the  analyses  for  1861 
ngr ould  ffive  too  high  an  average  composition ;  but,  on  the  other 
liand,  there  were  fewer  amdvses  during  the  months  of  August, 
Sq>tember,  and  October,  when  the  sewage  was  comparatively 
Btrong,  than  during  the  five  preceding  months  when  it  averaged 
much  weaker,  which,  of  course,  would  tend  to  reduce  the  mean. 
It  is  probable,  therefore,  that  the  mean  of  the  analyses  for  1861 
gives  a  pretty  fair  indication  of  the  composition  of  the  sewage  for 
mat  season.     With  regard  to  1862,  there  were  fewer  analyses 
during  the  months  when  the  sewage  averaged  the  strongest,  and 
hence,  the  mean  of  the  results  for  that  season  probably  indicate 
somewhat  too  low  an  average  composition.    Lastly,  in  the  season 
of  1863,  there  were  again  fewer  analyses  relating  to  the  periods 
when  the  sewage  was  strongest,  and  hence  the  mean  of  the  results 
for  that  season  also  probably  indicates  eomewhat  too  low  a  com- 
position.    There  can  be  little  doubt,  however,  that  the  sewage  of 
the  wet  season  of  1862  was  the  weakest,  that  of  1861  somewhat 
stronger,  and  that  of  the  dry  season  of  1863  stronger  still. 

It  18  obvious  that  the  variations  in  the  composition  of  sewage 
must  depend  chiefly  upon  its  state  of  dilution,  and  that  the  state 
of  dilution  must  be  very  much  influenced  by  the  rainfall.  An 
inspection  of  the  Tables  in  the  Appendix,  above  referred  to,  will 
show  how  extremely  different  was  the  composition  at  one  time  com* 
pared  with  another,  notwithstanding  the  general  agreement  of  the 
average  results  as  between  one  field  and  the  other,  or  between 
one  season  and  another.  The  great  variation  in  the  composition 
according  to  circumstances*  is  strikingly  illustrated  in  the  follow- 
ing Table  X. ;  and  it  is  the  more  remarkable  when  it  is  borne  in 
mind  that  every  sample  analysed  was  a  mixture  of  ^tliovA  \Ak^i^ 
every  few  hours  ihrougboat  the  day  for  several  da^^  \.o%<^'0[i^x\ 
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Table  X. — Showing  the  highest,  lowest,  and  average  Amonnts  o{ 
Ammonia,  and  total  solid  matter,  in  mixed  Samj^cs  of  Sewage, 
collected  at  different  Periods  in  each  of  the  three  Seasons. 


Ammonia. 

Total  solid  matter. 

Grains 

per 
Gallon. 

Ihs. 

per  1,000 

Tons. 

Grains 

per 
Gallon. 

Ihf. 

per  1,000 

Tons. 

1861     < 
1861-2 < 
1862-3 < 

Highest 

Lowest 

Mean  of  24  analyses 

Highest 

Lowest 

Mean  of  34  analyses 

Highest 
Lowest 
Mean  of  35  analyses 

15-64 
2-99 
6-39 

11-38 
2-55 
5-95 

12-81 
3-14 
7-08 

500-5 

95-7 

204*5 

364-2 

81-6 

190-4 

409-9 
100-5 
226-5 

216-5 
37-6 
75-1 

129-3 
50-5 
80'3 

269*9 

62-2 

103-2 

6928 
1203 
2405 

4138 
1616 
2570 

8637 
1989 
3302 

Thus,  the  amount  of  ammonia,  which  to  such  a  great  extent 
rules  the  estimated  money  value  of  the  sewage^  Taried  at  different 
times  during  the  31  months  to  which  the  samples  refer,  from 
about  2^  to  about  15^  grains  per  gallon,  or  from  81^  to  500^  lbs, 
per  1,000  tons ;  and  the  total  solid  matter  varied  from  about  37^ 
to  about  270  grains  per  giillon,  or  from  1,203  to  8,637  lbs.  per 
1,000  tons.  It  will  be  obvious  from  these  results  how  valueless 
for  the  purposes  of  determining  the  average  composition  of  the 
sewage  of  any  locality — indeed,  how  utterly  misleading — must 
be  the  analyses  of  samples  taken  without  due  regard  to  the 
circumstances  by  which  its  composition  is  so  materially  affected. 

Although  the  sewage  of  1862-3  was  considerably  richer  in 
valuable  constituents  than  that  of  the  wetter  season  of  1861-2, 
yet  the  mean  of  the  whole  93  analyses  relating  to  the  sewage  of 
the  three  seasons  indicates  a  composition  closely  agreeing,  in  all 
essential  points,  with  that  adopted  in  the  previous  report  according 
to  the  results  then  obtained  relating  to  the  season  of  1861  alone* 
For  reasons  explained  above,  however,  the  real  average  compo- 
sition of  the  sewage  of  the  period  was  probably  somewhat  higher 
than  is  indicated  by  the  direct  numerical  mean  of  the  93  analyses* 
The  latter  gives — 

Grains  per  gallon.     Lbs.  per  1,000  tons. 

Total  solid  matter   -  -     87  6  2,803 

Ammonia  -  -       6*5  208 

From  a  careful  consideration  of  the  circumstances  alluded  to  h 
18  concluded  that  the  average  sewage  of  the  31  months  would 
more  nearly  contain  as  follows — 

Grains  per  gallon.     Lbs.  per  1,000  tons. 

Total  solid  matter     -      -    92*5  2,960 

Ammonia        -        -        *«      7'0  224 

Assuming  this  to  represent  the  average  compontion  of  the  Rugbj 

sewage  during  the  period  in  question,  1,000  tons  may  be  estimated 

to  contain  nitrogen  reckoned  as  ammonia  eq;aVi«X<^TiV.  \/c>  \3c^t  ^oh: 


^^boted  in  the  mixed  excrements,  and  associated  matters^  of 
^between  17  and  18  persons  of  a  mixed  population  of  both  sexes 
-^nd  all  ages  in  a  year,  or  to  that  in  between  11  and  12  cwts.  of 

Temvian  guano.^  In  other  words,  about  1,700  tons  of  such 
-sewage  would  contain  nitrogen  reckoned  as  ammonia  equal  to  that 
^  1  ton  of  Peruvian  guano.  Yet  it  has  been  seen  that  the  increase 
«^f  grass  obtained  by  the  use  of  1,000  tons  of  this  sewage  did  not, 

imder  the  most  favourable  circumstances,  exceed  that  which  would 
^correspond  to  about  26  cwts.  of  hay,  and  was  on  the  average  much 

less.  .  To  this  question  of  the  amount  of  produce  obtained  for  a 

given  amount  of  manurial  constituents  applied  further  reference 

will  be  made. 

Before  leaving  the  subject  of  the  composition  of  the  Rugby 
^wage,  attention  should  be  directed  to  one  or  two  other  points. 

In  Table  XI.  are  given  the  results  of  the  analyses  of  samples 
of  sewage  collected  in  each  of  the  two  fields,  every  two  hours 
from  7  a.m.  to  5  p.m.,  on  April  16,  1861.  It  is  seen  that  the 
amounts  of  both  total  solid  matter  and  ammonia  were  the  least 
in  the  samples  collected  early  in  the  morning,  the  greatest  during 
the  middle  of  the  day,  and  diminished  towards  the  evening.  As, 
however,  the  samples  were  not  taken  at  the  outfall  as  the  sewage 
came  from  the  town  at  the  respective  hours,  but  after  it  had  been 
pumped  from  the  main  tank  in  which  it  was  being  collected  and 
mixed  throughout  the  day  as  it  was  produced,  the  variations  in 
composition  at  the  different  periods  are  not  so  striking  as  have 
been  observed  when  samples  have  been  collected  directly  from  the 
out£dl  at  different  periods  of  the  day. 

Table  XI. 

SflOwiNO  the  Composition  of  Samples  of  the  Rugby  Sewage 
collected  at  different  hours  of  the  day,  on  April  16,  1861. 


Per  Gallon. 


Organic      Inorganic  :  Total  solid 


Five-acre  Field 
Ten-acre  Field 
/  Five-acreField 
Ten-acre  Field 
Five-acre  Field 
^  Ten-acre  Field 
'  Five-acre  Field 
Ten-acre  Field 
•  •  ^    J  Five-acre  Field 


7  AM. 


9  A  jr. 


11  A-M.  < 


I  P.M. 


5  r.M. 


Ten-acre  Field 

Five-acre  Field 

Ten-acre  Field 


matter. 

Grains. 
14-30 
14-40 
20-50 
20-20 
21-90 
22-70 
20-10 
25-20 
21-10 
21-50 
22  00 
20-30 


matter. 


matttr. 


Ammonia. 


Grains. 
38-50 
38-90 
39-80 
47-20 
38-00 
39-60 
36*40 
41-GO 
34-10 
35-30 
35-80 
37-50 


Grains. 

Grains. 

52*80 

2-74 

53-30 

2-89 

CO-30 

4-71 

67-40 

3-51 

59*90 

5-14 

62-30 

5*39 

66-50 

4-82 

6u-80 

5-74 

55-20 

4-55 

56-80 

4-69 

57-80 

4-32 

57-80 

4-37 

*  The  rainfall  of  the  period  of  the  experiments,  nnd,  therefore,  the  dilution  of  the 
sewage,  was,  however,  lets  than  the  average,  according  to  which  it  is  estimated  that, 
with  the  pieseDt  arranffementt,  1,000  tons  would  represent  the  cxcrctal  matters  o( 
scarcely  17  average  individuals,  and  the  ammonia  of  scarcely  U  cvrts.  of  Peruvi;;n 
g«aoo.    (See  pp.  44-45,  and  76.) 
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Another  point  to  w'hich  reference  should  be  made  is  as  to  the 
amounts  of  phosphoric  acid  and  potass  in  the  sewage^  and  the 
relation  of  these  to  the  ammonia  (or  nitrogen)  associated  with 
them ;  for  it  is  obviously  important  to  consider  whether  or  not 
the  mineral  or  incombustible  constituents  of  sewage  exist  in  it 
in  sufficient  proportion  to  the  ammonia  or  nitrogen  for  the  re- 
quirements of  the  crops  to  be  grown ;  and  as  the  phosphoric  acid 
and  potass  (the  one  or  the  other  or  both  according  to  circum- 
stances) are^  perhaps,  the  mineral  constituents  the  most  likelj  to 
be  deficient  relatively  to  the  nitrogen,  the  proportion  of  them  to 
the  latter  in  the  sewage,  and  in  various  crops,  may  appropriately 
be  referred  to  in  illustration  of  the  point  in  question. 

Table  XII.  shows  the  number  of  grains  per  gallon,  of  ammonia, 
phosphoric  acid,  and  potass,  and  the  relation  of  the  phosphoric 
acid  and  the  potass  to  one  of  nitrogen,  in  the  few  cases  only  in 
which  the  phosphoric  acid  and  potass  were  determined  in  the 
Rugby  sewage. 

Table  XII. 


Particulars  of  the  Samples. 

Per  Gallon. 

Proportion 
to  1  Nitrogen. 

When  collected. 

Where 
collected. 

Ammonia. 

Phos- 
phoric 
Acid. 

Potass. 

Phos- 
phoric 
Acid. 

Potasa. 

April  1-6,1801       - 
H     1-6.    „            -       - 
^    29— May 4, 1861      - 

^n     29,—    tt      4,     ft 

Nov.  4-6,1861 

Dec.  17-18,  '„' 

>.  17,       „           -      - 
July  6-11, 1864 

„    18-18    n    '        '        ' 

Pive-ttCTO  field 
Ten-acre  field 
Five-acre  field 
Ten-acre  field 
Five-acre  field 
Ten-acre  field 
Five^wre  field 
Ten-acre  field 
Another  field 
Another  field 

Average    • 

Grains. 
2  09 
4*69 
6 -OS 
6*64 
10*91 
11-38 
9-30 
7-67 
8*66 
8-78 

Grains. 
0'C4 
0*70 
1-09 
1*28 
214 
2-89 
1-53 
1-15 
8-12 
2-80 

Grains. 
0*86 
0*61 
137 
1*20 
4*95 
4-63 
3-28 
3-40 
3*84 
3*90 

0-26 
0*18 
0*26 
0-28 
0-24 

0-art 

0*20 
0*18 
0*44 
0*39 

0-35 
0*16 
0-33 
0-28 
0-55 
0*49 
0*43 
0-54 
0-54 
0*54 

7-61 

1-63 

2-81 

0*27            0*43 

It  is  seen  that  when  the  sewage  was  poor  in  ammonia  it  was 
also  poor  in  phosphoric  acid  and  potass,  and  when  rich  in  ammonia 
rich  in  phosphoric  acid  and  potass.  In  the  case  of  neither  con- 
stituent, however,  is  the  relation  to  one  of  nitrogen  the  same  in 
all  the  samples;  though  the  correspondence  is  perhaps  quite  as 
close  as  could  be  expected  when  the  circumstances  which  rule  the 
amount  of  each  are  taken  into  consideration. 

By  far   the  larger  proportion  of  the   ammonia  (or  nitrogen) 
exists  in  solution  in  the  sewage,  so  that  if  the  sample  taken  did  not 
contain  its  fair  proportion  of  suspended  or  sedimentary  matter,  the 
amount  of  ammonia  would  not  be  very  materially  affected  thereby. 
Of  the  phosphoric  acid,  on  the  other  hand,  a  much  larger  pro- 
portion exists  in  the  suspended  matter,  so  that  if  the  a^tation  iiui 
the  main  tank  were  incomplete,  the  pumps  worked  sluggishly,  or^ 
the  mixing  in  the  gauge«tank  in  the  field  before  tsSiing  thtf 
sample  were  insufficient,  the  proportion  of  suspended  matter  in^ 
the  sample  analysed  might  be  too  small,  or  under  other  conditions 
Jt  might  be  too  large.     Hence,  a\l\io\xg\i  tike  pKoeij^horic  acid  musM 
bear  a  pretty  constant  proportion  to  ike  uitTo^eu  m  ^e^w^s^^^ 
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great  care  be  not  taken  in  the  sampling,  analysis  may  show 
considerable  variation  in  the  amount,  and  in  the  proportion  to  the 
nitrogen,  in  samples  taken  at  different  times.  It  was,  in  fact, 
the  case,  that  in  the  instances  among  those  to  which  Table  XII. 
refers  in  which  the  amount  of  phosphoric  acid,  and  its  proportion 
to  the  nitrogen,  were  the  highest,  there  also  was  the  largest  amount 
of  sedimentary  matter  in  the  sewage. 

'Again,  the  potass  exists  exclusively  in  the  solution,  so  that  if 
Its  proportion  to  the  ammonia  were  constant  in  sewage,  any 
deviation  from  the  exactly  due  proportion  of  sedimentary  matter 
ui    the  sample  taken  would  comparatively  little  affect  the  in- 
dications of  analysis  in  regard  to  it.     But  whilst  the  phosphoric 
Acid  of  sewage  may  be  said  to  be  derived   exclusively  from 
fiH>d-]refu8e  and  excretal  matters,  and  therefore  necessarily  to  bear 
^^thin  comparatively  narrow  limits  a  pretty  uniform  relation  to 
^^  nitrogen,  the  amount  of  potass  will  vary  very  much  according 
^o  locality,  and  be  considerably  greater  where  the  streets  or  roads 
*^G  constnicted  of  potass  minerals  (as  granite)  than  elsewhere. 

According  to  the  average  result  obtained  upon  the  analysis  of 

^^^    different  samples  of  the  Rugby  sewage  there  were,  as  is 

^hown  in  the  bottom  line  of  Table  XII.,  0*27  parts  of  phosphoric 

^^*^,  and  0'42  parts  of  potass,  to  1  of  nitrogen  in  the  sewage; 

^9  in  other  words,  for  100  of  nitrogen  in  the  sewage  there  were 

^^  parts  of  phosphoric  acid,  and  42  parts  of  potass.     The  question 

*i^se« — what  are  the  proportions  of  the  phosphoric  acid  and  potass 

*^  "the  nitrogen  in  different  crops?     These  vary  considerably  for 

^■^^    same  description  of  crop  according  to  circumstances,  but  the 

^Sures  given  in  the  following  Table  (XIII.)  may  be  taken  to 

'^^present  approximately  the  average  proportions. 

Table  XIIL 


^   ^<^]iKni  Turnips 


Proportion  to  1  Nitrogen. 


Phosphoric  Add. 


In 
Com, 
Roots, 

Ac, 


0-48 
0*40 
0-28 


0*25 
0*17 
0-27 
0*28 
0-42 


In 
Straw, 
Leaves, 


0*42 
0*34 
0*37 


0*46 

•  • 

016 
0*18 


In 

Total 

Produce. 


0-46 
0'3S 
0-30 
0*27 
0'2S 
O'SO 
•  • 
0*21 
0*26 


In 
Com, 
Roots, 

Ac. 


0*28 
0-34 
0*25 


0*32 
1*00 
0*82 
1*60 
1-23 


Potass. 


In 
Straw, 
LcaycB, 

&c. 


I     1-23      I 


1*08 
1-20 
1-55 


1*23 

•  • 

0*44 
0*71 


In 

Total 

Produce, 


0*57 
0*60 
0*65 
1-00 
0*62 
0-80 

•  • 

0*63 
1-17 


\ 
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Thus,  according  to  this  Table,  meadow  hay  contains  on  the 
average  0*27  parts  of  phosphoric  acid  to  1  of  nitrogen,  and 
according  to  the  average  result  obtained  on  the  analysis  of  the 
ten  samples  of  the  Rugby  sewage  it  contained  exactly  the  same 
proportion.  Of  potass,  on  the  other  hand,  whilst  meadow  hay 
contains  1  part,  the  sewage  only  contained  0  -  i2  parts  to  1  of 
nitrogen. 

According  to  these  figures,  if  on  the  application  of  sewage  to 
meadow  land  the  whole  of  the  nitrogen  supplied  were  recovered 
in  the  increase  of  produce,  it  is  obvious  that  there  would  be 
associated  with  it  in  the  manure  almost  exactly  the  amount  ot 
phosphoric  acid,  but  less  than  half  the  amotint  of  potass,  required 
by  the  crop.  But  in  practice  considerably  less  nitrogen  is 
recovered  in  the  increase  of  crop  than  is  supplied  in  the  manure 
employed  to  produce  it  Then,  again,  the  dry  or  solid  substance 
of  sewaged  grass,  as  it  is  generally  cut,  contains  a  considerably 
higher  per-centage  of  nitrogen  than  that  of  ordinary  meadow  grass 
as  cut  for  hay;  whilst,  from  the  results  of  direct  experiments 
made  on  the  point,  it  is  probable  that  the  proportion  of  pnosphoric 
acid  to  1  of  nitrogen  is  somewhat  lower,  and  that  of  potass  some- 
what higher,  in  sewaged  grass  than  in  ordinary  meadow  hay.  It 
follows,  that  if  the  relation  of  the  phosphoric  acid  and  potass  to 
the  nitrogen  in  sewage  be  fairly  represented  by  the  average 
result  of  the  few  analyses  given  on  the  point,  it  would  contain 
more  phosphoric  acid,  though  perhaps  not  so  much  potass  as  could 
be  turned  to  the  account  of  growth  under  the  influence  of  the 
amount  of  nitrogen  at  the  same  time  supplied. 

Of  phosphoric  acid  at  any  rate  there  would  probably  be  an 
accumulation  within  the  soil,  rather  than  an  exhaustion  of  it,  by 
the  use  of  sewage  to  grass  land.  Still,  agricultural  experience 
shows  that  an  apparently  excessive  supply  of  phosphoric  acid  is 
frcquentlv  useful  in  giving  a  favourable  development,  or  tendency 
of  growth,  to  a  plant ;  and  in  this  way  it  is  possible  that  the 
application  of  phosphatic  manures  in  conjunction  with  sewage 
might  be  advantageous.  As  above  stated,  the  proportion  of  the 
potass  to  the  nitrogen  In  town  sewage  would  vary  considerably 
according  to  locality ;  and  where  there  was  no  other  source  of 
it  than  food-refuse  and  the  excretil  matters  of  man  and  animals,  it 
would  be  more  likely  than  the  phosphoric  acid  to  be  in  relative 
defect  in  case  of  the  constant  application  of  th^  sewage  to  grass 
land. 

In  com  crops,  such  as  wheat  or  barley,  the  proportion  of 
phosphoric  acid  to  nitrogen  is  much  higher  than  in  meadow  hay, 
and  much  higher  also  than  was  found  in  the  Bugby  sewage.  The 
average  proportion  in  the  sewage  was,  however,  not  deficient 
compared  with  that  of  the  phosphoric  acid  in  these  crc^  to  the 
amount  of  nitrogen  which  in  common  practice  is  required  to  ba 
supplied  in  manure,  to  yield  one  of  nitrogen  m  the  form  o£ 
incr&wed  produce.    Of  potass,  the  -pto^^iUon  to  1  of  iMtrogen  in 
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these  crops  19,  in  the  grain,  which  alone  is  generally  sold  off  th3 
/arm,  considerably  less  than  was  found  on  the  average  in  the 
Jlugby  sewage.     In  fact,  if  town  sewage  were  used  on  any  com- 
preiensive  scale   to   corn  crops  grown   in   rotation,   phosphoric 
acid  irould  be  more  likely  to  become  deficient  than  potass  in 
the  majority  of  soils ;  but  if  phosphatic  manures  were  employed 
for-  other  crops  of  the  course^  they  would  not  need  to  be  sup- 
plemented to  the  sewage  for  corn.     It  is,  indeed,  well  known 
tbx^t  phosphatic  manures  are  in  practice  much  more  used,  and  are 
n^iach  more  effective,  for  root  than  for  corn  crops,  yet,  as  the 
r*£Ll)le  shows^  the  proportion  of  phosphoric  acid  to  1  of  nitrogen  is 
lo'^ver  in  the  root  than  in  the  corn  crops. 

"Without  further  comments  on  the  figures  given  in  Tables  XII. 
^^^<3  XIIL,  it  may  be  stated,  in  general  terms,  that  a  careful 
consideration  of  the  subject  leads  to  the  conclusion  that  potass 
^oiild  be  more  likely  than  phosphoric  acid  to  become  deficient 
^liere  town  sewage  was  applied  constantly  to  meadow  land, 
^^«il8t  phosphoric  acid  would  be  more  likely  to  become  deficient 
^^^m  potass  where  it  was  applied  to  the  ordinary  crops  of  rotation. 


JSstimated  Average  Composition  of  the  Metropolitan  Sewage. 

It  will  be  well  to  offer  a  few  observations  here  on  the  evidencs 
*^*  Command  relating  to  the  avernge  composition  of  the  Metro- 
l^^*itan  sewage,  and  to  the  estimated  money  value,  according  to 
^^'^e  prices,  of  its  manurial  constituents. 

lu  our  former  Report  attention  was  called  to  the  fact  that,  so  fir 
^^  it  was  then  sampled  and  analysed,  the  Rugby  sewage  showc;.. 
Ji^  average  composition  agreeing  very  closely  with  that  calculated 
J^  the  Metropolitan  sewage,  according  to  the  analyses  by 
~^«  I/etheby  of  samples,  taken  at  noon  and  midnight  respectively, 
**X>xij  10  different  sewers ;  and,  as  above  stated,  the  further  results 
'^^W  at  command  indicate  pretty  nearly  the  same  average  com- 
P^sriition  for  the  Rugby  sewage  as  that  formerly  adopted.  Thus, 
^  *^ilst  calculated  according  to  Dr.  Letheby's  analyses  the  Metro- 
^J^litan  sewage  contained  6*66  grains  of  ammonia  per  gallon,  the 
5^Pgby  sewage  was  then  estimated  to  contain  6 '65  grains,  and 
^Kiug  into  the  calculation  all  the  results  now  obtained  the  direct 
^^an  of  the  93  analyses  gives  6  •  5  grains,  and  the  calculated 
^"^erage  about  7  grains. 

-^  Xhe  amount  of  ammonia  will  still,  for  convenience,  be  taken  as 
f\^  gauge  of  comparative  value ;  not,  of  course,  that  other  con- 
^  J^tuents  are  not  equally  important,  but,  as  already  referred  to,  as 
^^  amount  of  ammonia  contributes  a  very  large  proportion  of  the 
^Ojiey  value  as  estimated  according  to  composition,  and  is  a  pretty 
^^e  indication  of  the  approximate  value  of  the  associated  con- 
r^ttients,  it  comes  to  be  a  very  safe  index  to  the  approximate 
T.^Ue  of  the  whole,  and  at  the  same  time  the  discussion  is  much 
^^^plifieA 

ig^  ^aron  JJiehigf  adopting  as   his  basis  an  una\y«iA  ol  X^ox^^^. 
^^imre  sewage  by  Mr.  TVaj,  which  showed  xveatYy  \%  gcvCm^  ^^ 
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ammonia  per  gallon,  estimates  the  .constituents  in  sewage  of  that 
composition  to  be  worth  l^rf.  per  ton,  but  that  the  value  will  be 
raised  to  about  4d  if  to  each  ton  be  added  1^  lb.  of  supers 
phosphate  of  lime.  But  in  his  report  Professor  Way  stated  in 
reference  to  the  analysis  in  question,  together  with  another  given 
at  the  same  time,  that  although  the  results  showed  that  there  was 
great  manurial  value  in  sewage,  yet  they  could  not  be  taken  as  in 
any  way  affording  a  measure  of  that  value ;  and  he  has  since 
given  it  as  his  opinion  that  the  sample  of  sewage,  upon  the  analysis 
of  which  Baron  Liebig  relied,  was  undoubtedly  very  much 
stronger  than  the  average  of  Metropolitan  sewage.  Indeed,  Baron 
Liebig  himself  admitted  that  more  certain  data  as  to  the  average 
composition  of  sewage  were  wanting.  He  said,  "  In  the  calcu- 
**  lation  of  the  value  of  sewer  water  there  is  one  factor  doubtful, 
''  viz.,  the  absolute  amount  of  phosphoric  acid,  ammonia,  and 
"  potass,  which  a  ton  of  the  said  water  contains."  Moreover,  his 
proposal  to  add  a  certain  quantity  of  superphosphate  of  lime  to 
the  sewnge  has  for  its  object  to  assimilate  the  proportion  of  phos- 
phoric acid  to  the  ammonia  or  nitrogen  in  the  sewage  to  that 
found  in  Peruvian  guano,  which,  of  course,  is  a  standard  having 
no  necessary  connexion  with  the  proportions  required  by  soils  or 
crops.  For  these  reasons  Baron  Liebig's  estimates  are  obviously 
irrelevant.* 

In  the  Report  of  Messrs.  Hofmann  and  Witt  to  the  Main 
Drainage  Referees,  they  record  8*21  grains  of  ammonia  per  gallon 
as  the  amount  they  found  in  a  mixture  of  samples  of  sewage 
collected  from  the  Savoy  Street  sewer  every  hour  diu*ing  24  in 
dry  weather;  and  the  Referees  had  ascertained  by  gauging  that  the 
rate  of  flow  from  the  sewers  under  such  circumstances  averaged 
as  closely  as  could  be  expected  that  which  would  be  due  to  water 
supply  exclusive  of  rainfall.  In  fact,  the  Referees  concluded  that 
the  mixed  sample  in  question  represented  pretty  closely  the 
average  normal  sewage  without  rainfall  of  that  sewer,  and  further, 
that  the  sewage  from  that  sewer  might  be  taken  as  fairly  repre- 
senting the  Metropolitan  sewage  under  the  conditions  stated. 

With  8*21  grains  of  ammonia  per  gallon  (and  the  associated 
matters),  Messre*.  Hofmann  and  Witt  estimated  the  constituents 
in  a  ton  of  such  sewage  to  be  worth  2  ,-£/.,  and  taking  (in 
accordance  with  the  information  supplied  to  them  by  the  Referees) 
the  total  amount  of  the  Metropolitan  sewage  without  rainfall  at 
95  million  gallons  a  day,  or  about  158  million  tons  per  annum^ 
they  estimated  the  total  annual  value  of  the  constituents  in  the 
Metropolitan  sewage  to  be  1,385,5402. 

To  control  this  estimate  founded  on  the  amount  and  com* 
position  of  the  sewage,  Messrs.  Hofmann  and  Witt  calculated  th& 
value  of  the  constituents  annually  voided  in  the  forms  of  urine 


*  In  a  recent  letter,  published  some  time  after  the  above  was  in  type,  Baitm  Uebitf 

adopts  7  *  2  instead  of  18  grains,  as  the  arerage  amount  of  ammonia  in  a  gaUon  <»f  thS 

Metropalitan  Sewage,  inclosive  of  rainfall,  &c.    It  will  be  seen,  by  the  sequel,  HmM 

even  after  this  rery  liberal  amendment  of  \^&  eB\Aina.\e  ot  «L\muX  «^  ^^t  vEkd  si  half  wmps 

be iM  douhtleaa  b^H  too  high;  and  Ma  eatimate  of  tqIqa  c]^  couiA^tQftTkU  \»  %(^^  •« 

eorreepoDding  degree. 


39 

aod  feces  by  the  entire  Metropolitan  population,  assuming  it  to 

number  2,600,000  persons.     In  this  way  they  arrived  at  a  value 

of  1,444,1 772.-,  which  they  considered  satisfactory  confirmation  of 

the  estimate  deduced  from  the  quantity  and  composition  of  the 

sewage.     But  in  their  confirmatoiy  estimate  they  adopt,  for  the 

crompoeition  and  value  of  the  liquid  and  solid  voidings  of  each 

S^xidividual  of  a  mixed  population  of  both  sexes  afiid  all  ages,  the 

x^jnounts  fixed  for  adult  males,*  assuming  that   other  matters 

:K-eachiDg   the  sewers   would   probably   make   up   the  difference. 

IThere  can  be  little  doubt  that  this  was  making  far  too  liberal  an 

^^ilowance  for  the  other  matters  than  human  voidings,   which 

^2ontribute  to  the  value  of  the  Metropolitan  sewage. 

The  object  of  the  Referees  appears  to  have  been  to  obtain  an 

itimate  of  the  total  annual  value  of  the  sewage,  and  with  such 

great  variations  as  occur  in  both  the  amount  and  composition 

the  sewage  when  mixed  with  different  amounts  of  rainfall,  it 

obvious  that  the  method  they  adopted  of  collecting  for  analysis 

iples  of  sewage  as  far  as  possible  free  from  rainfall,  and  then  cal- 

^sulating  the  composition  and  value  of  the  estimated  total  amount  of 

^ry  weather  sewage  according  to  the  results  of  the  analysis  of  such 

samples,   was  the   only  admissible   one   unless   they  had  taken 

samples  almost  the  year  round.     Their  estimate  of  the  value  per 

^n  of  the  dry  weather  sewage,  or  sewage  without  rainfall,  was, 

in  fact,  only  a  step  in  the  process  of  calculating  the  total  annual 

Talue  of  the  Metropolitan  sewage,  and  they  did  not  give  any 

estimate  of  the  value  per  ton  in  the  average  condition  of  dilution 

with  rainfall  in  which  it  would  have  to  be  utilized. 

It  18  variously  estimated  that  the  normal  sewage,  or  sewage 
without  rainfall,  is  on  the  average  the  year  round  mixed  with 
from  two  thirds  to  an  equal  bulk  of  subsoil  water  and  rain. 
Assuming  it  to  be  so  diluted  by  an  addition  of  two  thirds  to  its 
own  bulk,  this,  adopting  Messrs.  Hofmann  and  Witt's  analysis 
and  valuation  for  the  sewage  without  rainfall,  would  reduce  the 
average  amount  of  ammonia  in  the  total  sewage  with  rainfall  to 
4*93  grains  per  gallon,  and  it  would  in  like  manner  reduce  the 
value  from  2-^.  for  a  ton  of  sewage  without  rainfall  to  Hd. 
for  a  ton  inclusive  of  rainfall. 

It  18  obviously  important  to  consider  whether  the  sample  of  the 
Savoy  Street  sewage  analysed  by  Messrs.  Hofmann  and  Witt 
was  more .  probably  of  above  or  below  the  average  composition 
and  value  of  the  Metropolitan  sewage  without  rainfall  ?  Some 
judgment  may  be  formed  on  this  point  by  a  careful  consideration 
of  the  quantity  and  estimated  value  of  the  constituents  contributed 
to  the  sewage  by  each  individual  of  a  mixed  population  of  both 
sexes  and  all  ages,  taken  in  connexion  with  the  amount  of  water 
through  which  the  constituents  are  supposed  to  be  on  the  average 
distributed. 

According  to  the  data  of  Messrs.  Hofmann  and  Witt  the 
^unounta  of  total  solid  matter,  and  ammonia,  and  iVv^  NtAxx^  ^i 


♦Jfewnt  HofmauD  and  Witt  even  add  something  to  the  aclwfA  <i'jLp«\xxieiiV«\  x^\iJi3ia 
<WMlaed  with  Hessian  soldiors  to  adapt  them,  as  tbey  say,  to  »*  3o\«i lixiXV**  \ 
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the  constituents^  in  the  annual  total  voidings  of  an  adult  male  are- 
as follows: — 

Adult  males,  per  head  per  annum. 

I ' ^ 

Total  solid  matter.  Ammonia.  Value. 


lbs. 

Urine        -        -    61 
Faeces  -    34 


«. 

d. 

10 

.0^ 

1 

8| 

Total  -    95  18-1  11     9i 

Dr.  Thudichum,  whose  estimate  is  more  recent,  and  whose- 
experimental  data  on  the  point  are  much  more  comprehensive* 
than  those  relied  upon  by  Messrs.  Hofmann  and  Witt,  gives  for 
the  urine  alone  of  adult  males  the  foUowinff : — 


Adult  males,  per  head  per  annum. 

I *"- — *^ 

Total  solid  matter.  Ammonia.  Value. 


lbs.  lbs.  *.        d. 

Urine  alone        -    47  15-9  10     3^ 

It  will  be  observed  that  so  fur  as  the  important  items  of 
ammonia  and  value  are  concerned,  the  estimates  of  Messrs.  Hof- 
mann and  Witt  for  the  urine  of  an  adult  male  agree  very  closely 
with  those  of  Ur.  Thudichum,  founded  on  much  more  compre- 
hensive analytical  data.  Dr.  Thudichum  does  not,  however,  give 
any  estimate  of  the  amount,  composition,  and  value  of  the  fseces. 
With  regard  to  the  urine,  he  considers  that  the  voidings  of 
2,800,000  persons  of  a  mixed  population  of  both  sexes  and  all 
ages,  may  be  taken  as  equivalent  to  those  of  2,000,000  adult 
males.  If,  therefore,  we  take  the  mean  of  the  estimates  of 
Dr.  Thudichum  and  Messrs.  Hofmann  and  Witt  with  regard  to 
the  urine,  and  those  of  Messrs.  Hofmann  and  Witt  with  regard 
to  the  fseces,  of  an  adult  male,  and  reduce  both  in  the  proportion 
of  from  2  *8  to  2  according  to  Dr.  Thudichum^s  basis  of  calculation, 
we  shall,  provided  the  estimates  of  the  two  authorities  be  correct^ 
arrive  at  amounts  approximately  applicable  to  an  average  in- 
dividual of  a  mixed  population  of  both  sexes  and  all  ages.  The 
following  results  are  so  obtained:  — 

Average  of  both  sexes  and  all  ages,  per  head  per  annum. 

Ammonia.  Value, 

lbs.  t.      d. 

Urine         -    .     -     11-32  7     3 

FoBces        *  -      1*64  1    2| 


Total  -     12-96  8    5| 

Here  then,  founded  upon  the  estimates  of  these  authoritlee^ 

we  have  nearly  13  lbs.  of  ammonia  and  nearly  8«.  6dL  of  Taloey 

to   represent    the  annual    mixed  voidings    of  an  averaffe    in* 

dividual  of  a  mixed  population  of  both  «fix^  «Jid  all  ages. 

la  oar  last  lieport  10  lbs.  of  ammonia  oiAy  (^«a<i  liVift  ^^nflaoL^  ^^raSA^. 


l>e  lees  in  a  corresponding  degree)  were  taken  to  represent  the 

mixed  excrements  of  an  average  individual.    This  was  the  estimate 

of  Messrs.  Lawes  and  Gilbert,  founded  on  very  comprehensive 

data^  relating  both  to  the  amounts  of  constituents  consumed  in 

the  food,  and  voided  in  the  urine  and  fseces,  of  persons  of  different 

ages   and  both  sexes.     But  as  this  estimate  was  made  nearly 

lO  years  ago,  since  which  time  much  more  evidence  has  been 

published   relating   to  the   amount  and  composition   of  human 

excremental  matters,  it  has  been  thought  desirable  to  collate,  for 

the  purposes  of  this  Report,  as  far  as  possible  the  whole  of  the 

information  at  command  up  to  the  present  time  bearing  upon 

tliese  points.*     The  result  of  very  much  labour  expended  in  this 

'way   indicates   12*6  lbs.   of  ammonia  as   the  amount   annually 

yielded  by  each  average  individual,  when  the  calculation  is  based 

upon  determinations  or  estimates  of  the  amounts  of  nitrogen  or 

ammonia-yielding  matters  voided  by   persons  of  different  sexes 

And  ages.     But  when  the  estimate  is  founded  upon  the  recorded 

Amounts  of  fresh  urine  and  fasces  voided  by  individuals  of  the 

different  classes,  and  upon  the  average  composition  of  urine  and 

Slgdces  respectively,  the  amount  of  ammonia  indicated  as  the  average 

head,  per  annum,  is  12*7. 

It  is  admitted,  however,  by  authorities  on  the  subject,  that  the 

experimental  data  relating  to  males  other  than  in  the  prime  of 

life,  and  especially  to  females  of  all  ages,  are  as  yet  inadequate 

Sbr  the  basis  of  really  trustworthy  average  estimates.     Indeed,  a 

<»reful  consideration  of  the  circumstances  of  the  majority  of  the 

cases  contributing  to  the  averages  among  those  divisions  of  the 

population  in  relation  to  which  the  evidence  is  the  most  plentiful, 

mnd  of  the  relative  character  of  the.  results  where  it  is  the  most 

defident,  leads  to  the  conclusion  that  the  estimate  of  12*6  lbs.  of 

ammonia  x>er  head  per  annum,  arrived  at  as  above  described,  is 

in  all  probability  too  high. 

Then,  again,  even  assuming  the  approximate  correctness  of  the 
estimates  of  Messrs.  Hofmann  and  Witt  and  Dr.  Thudichum  of 
the  amount  of  ammonia  yielded  by  the  urine  of  an  average  adult 
male  (and  those  of  Dr.  Thudichum  are  based  upon  a  considerable 
portion  of  the  same  data  as  the  estimate  of  12*6  given  above), 
it  is  difficult  to  suppose  that  the  urine  of  two  such  adults  should 
be  equalled  by  so  small  a  proportion  as  2  *  8  persons  of  a  mixed 
population  of  both  sexes  and  all  ages ;  and  hence  we  think  that 
the  estimate  of  nearly  13  lbs.  of  ammonia  as  deduced  from  their 
joint  data  regarding  adult  males,  and  Dr.  Thudichum's  measure 
of  reduction,  also  involves  elements  of  error  on  the  side  of  excess. 

*  For  nearly  the  whole,  if  not  the  whole,  of  the  data  upon  which  the  new  estimates 
are  hased,  see  '<  On  the  Sewage  of  London,"  hy  J.  B.  Lawes,  F.R.S.,  Journal  of  the 
Society  of  Arts,  March  9, 1855  ;  *-  The  Composition  of  the  Urine  in  Health  and 
BSaaue,"  by  £.  A.  Farkes,  M.D.,  1S60  ;  **  On  an  improved  Mode  of  collecting  £x- 
cremeotitious  Matter,  with  a  view  to  its  Application  to  the  Benefit  of  Agriculture,  &c./' 
^  J.  L.  W.  Thudichum,  M,D.,  F.C.S.,  Journal  of  the  Society  of  Arts,  May  15. 
1S63 ;  and  ^  On  the  Elimination  of  Urea  and  Urinary  Water,  in  relation  to  the 
Period  of  the  Day,  Season,  Exertion,  Food,  &c  &cj^  by  Edward  Smith,  UJ>^ 
UJB.,  FAS^  Fbllotophical  Transactions,  Yd.  CLL,  p.  747. 
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Lastly,  the  estimate  of  Messrs.  Lawes  and  Gilbert  of  the  amount 
of  nitrogen  in  the  food  of  an  average  individual,  which  was 
founded  upon  the  calculation  of  86  different  dietaries  arranged  in 
15  classes,  according  to  sex,  age,  activity  of  mode  of  life,  and 
other  circumstances,  showed  an  amount  equivalent  to  rather  less 
than  12*2  lbs.  of  ammonia,  from  which,  of  course,  a  deduction 
has  to  be  made  for  the  nitrogen  retained  in  the  body,  and  for  loss 
in  various  ways. 

Upon  the  whole,  therefore,  it  is  concluded  that  the  amount  of 
ammonia  contributed  to  the  sewer-water  by  each  individual  of  a 
mixed  population  of  both  sexes  and  all  ages,  is  pretty  certainly 
more  than  10  lbs.  per  annum  as  formerly  assumed,  but  probably 
less  than  12  lbs. 

But  it  is  not  the  human  excretal  matters  of  the  resident 
population  that  alone  contribute  to  the  value  of  the  sewage  of  the 
Metropolitan  area.  To  these  must  be  added  those  contributed  by 
the  population  daily  visiting  the  Metropolis  from  beyond  its  own 
limits  (less  the  amount  from  those  daily  leaving  it),  the  fractional 
part  of  the  excretal  matters  of  horses,  cows,  dogs,  and  other 
animals,  of  the  refuse  from  slaughter-houses,  of  soot,  and  of  the 
matters  derived  from  the  abrasion  of  the  streets,  which  does  not 
reach  the  land  as  stable  dung,  street  s\veepings,  or  in  some  other 
form,  and  also  the  refuse  matters  from  certain  manufacturing  pro- 
cesses. It  is  very  difficult  to  estimate  the  amount  and  value  of 
the  constituents  reaching  the  sewers  from  these  sources.  They 
are  doubtless  large  in  the  aggregate ;  but  a  little  reflection  leads 
to  the  conclusion  that  they  are  very  small  per  head  of  the  popu- 
lation, and  that  they  must  bear  a  very  small  proportion  to  those  of 
the  human  excretal  matters  of  the  resident  population.  Indeed, 
so  far  as  existing  information  bears  upon  the  point,  it  would 
appear  probable  that  not  more  than  12^  lbs.  of  ammonia  are  con- 
tributed annually  to  the  sewers  from  all  sources,  per  head,  of  the 
population.  This,  including  the  associated  matters,  would,  accord- 
ing to  trade  prices,  represent  a  value  of  8*.  4rf.  per  annum  for 
.  the  manurial  constituents  of  the  sewage  for  each  average  in- 
dividual of  the  population. 

The  question  arises — through  how  much  water  are  these  12  J  lbs. 
of  ammonia  (with  the  associated  constituents),  or,  reckoned  in 
value,  through  how  much  is  this  Ss.  4e/.  or  100  pence  worth  of 
manurial  matter  on  the  average  distributed? 

The  dry  weather  sewage,  or  sewage  without  rainfall,  of  the 
Metropolis  is  variously  estimated  at  from  5  to  7  cubic  feet  per 
head  per  day,  equal  respectively  31^  and  43 J  gallons  per  head 
per  day,  or  50 J  and  71  tons  per  head  per  annum.  According 
to  the  imformation  furnished  by  the  Referees  to  Messrs.  Hofmann 
and  Witt,. it  averaged  about  haJf  way  between  these  two  extremes^ 
namely,  about  36^  gallons  per  head  per  day,  equal  about  69  tons 
per  head  per  annum.  We  shall  therefore  probably  be  not  far 
wrong  if  we  take  60  tons  per  head  per  annum  as  the  average 
.amount  of  the  normal  or  dry  weainet  oe^ag^  It  is  further 
rnriousljr  estimated  that  by  subsoil  ^atet  and  mn&Ji  \S^^  \wSk 
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of  tbe  fluid  will  be  increased  by  from  two  thirds  to  an  equal 
^volume*     Adopting  the  lower  of  these  suppositions,  which  if  too 
low  will  allow  something  for  the  occasional  escape  of  storm-water, 
*we  have  the  100  pence  worth  of  constituents  distributed  through 
100  tons  of  fluid,  giving  to  it  a  value  of  one  penny  per  ton  ac- 
cording to  the  estimated  market  value  of  its  manurial  constituents. 
What  the  real  average  dilution  of  the  sewage  the  year  round 
18,  or  will  be,  will  doubtless  be  more  certainly  ascertained  before 
long,  when  the  main    drainage  system  is  completed,   and  the 
works  have  been  a  sufficient  time  in  operation  to  render  the 

faugings  safely  available  for  the  purposes  of  average  estimates, 
n  the  meantime  the  following  Table  will  be  useful,  showing  the 
grains  of  ammonia  per  gallon,  and  the  estimated  value  of  the  con- 
stituents per  ton  of  sewage,  on  the  assumption  that  the  amount 
of  ammonia  contributed  to  the  sewage  from  all  sources  will  be  at 
the  rate  of  12^  lbs.  per  head  per  annum  of  the  population,  and  on 
the  alternative  assumptions,  that  the  amount  of  fluid  will  be  60, 
70,  80,  90,  and  100  tons  per  head  per  annum.  For  comparison 
with  these  estimates  there  arc  given  those  of  Messrs.  Hofmann 
and  Witt,  according  to  their  direct  analysis  of  the  dry  weather 
sewage,  and  also  the  calculated  amounts  according  to  their  analysis, 
supposing  a  dilution  of  100  tons  per  head  per  annum  with  subsoil 
water  and  nunfall,  instead  of  60  tons  without  them,  which  their 
mised  sample  of  the  Savoy  Street  sewer  was  supposed  to  represent 


Table  XI. — Grains  of  Ammonia  per  Gallon,  and  estimated  Vltlue 
of  the  constituents  in  one  ton,  of  Sewage  at  different  dilutions, 
supposing  12-^  lbs.  of  ammonia  per  head  per  annum,  from  all 
sources. 


If  60  tons  of  fluid  per  head  per  annum 
70  „  »  „ 

80 
90 
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99 
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Hofinann  and  Witt--mixed  sample  of  dry  weather 
sewage  from  Savoy  Street  sewer  -        -  - 

The  same  if  dilated  with  two-thirds  its  volume  of  sub- 
soil water  and  rain-fali        «... 


Ammonia 
per  Gallon. 


Grains. 
6-51 
5*58 
4*88 
4*34 
3-91 


8-21 
4-93 


Estimated 

Value 
per  Ton. 


1-67 
1-43 
1*35 
1-11 
1-00 


2-11 
1-27 


Thus,  assuming  the  amount  of  ammonia  contributed  to  the 
sewage  from  all  sources  to  be  12^  lb&  per  head  of  the  population, 

Eer  annum,  the  dry  weather  sewage  reckoned  at  60  tons  per 
ead  per  annum  would  contain  6^  grains  of  ammonia  per  gallon ; 
and,  according  to  the  currently  adopted  modes  of  computation, 
taking  dry  and  portable  manures  as  the  standard,  the  total  manurial 


*  Mr.  Bazalgette  informs  us  that  the  quantities  of  suhsoil  water  and  rainfUl  are 
too  variable  and  Irregolar  to  enable  him  to  give  ni  any  avei^gie. 
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constituents  in  one  ton  of  such  sewage  will  be  worth  If  penny. 
Or,  reckoning  the  average  sewage,  including  subsoil  water  and 
rainfall,  at  100  tons  per  bead  per  annum,  it  will  contain  scarcely 
4  grains  of  ammonia  per  gallon,  and  the  manurial  constituents  in 
one  ton  of  it  will  be  worth  just  one  penny. 

If  the  above  estimates  for  the  dry  weather  sewage  be  correct,  it 
is  obvious  that  the  sample  analysed  by  Messrs.  Hofmann  and  Witt 
was  about  one  fourth  stronger  than  the  average  Metropolitan 
sewage  without  rainfall.  Their  sample  was,  indeed,  collected  in  a 
manner  which  gives  it  a  better  claim  to  the  character  of  an 
average  sample  than  any  other  of  which  the  circumstances  of 
collection,  and  the  composition  as  determined  by  analysis,  have 
hitherto  been  recorded.  Still,  it  cannot  be  surprising  to  find  that 
their  results  are  probably  in  error  to  the  extent  above  stated^ 
when  it  is  borne  in  mind  that  their  sample  was  taken  during  24 
hours  only,  from  one  sewer  only,  and  from  one  contributed  to  by 
a  much  more  dense  population  than  the  average  of  equal  areas  in 
the  Metropolitan  district. 

The  approximate  correctness  of  the  above  estimates  of  the 
average  composition  of  the  Metropolitan  sewage,  founded  upon  a 
consideration  of  the  amount  of  manurial  matters  contributing  to 
it  and  the  amount  of  water  through  which  they  are  distributed^ 
is  confirmed  in  a  very  striking  and  satisfactory  manner  by  the 
fact,  that  the  average  amount  of  ammonia  in  the  Kugby  sewage, 
as  deduced  from  the  results  of  the  direct  analysis  of  93  samples, 
representing  the  flow  of  31  months,  is  almost  exactly  that  arrived 
at  by  calculation,  based  upon  a  knowledge  of  the  amount  of  popu- 
lation, and  the  average  amount  of  water  contributing  to  thesewage^ 
and  upon  the  assumption  that  12^  lbs.  of  ammonia  will  be 
contributed  to  it  per  head  per  annum.  Thus,  based  upon  the 
actual  water  supply  over  the  three  years  1859,  1860  and  1861, 
and  upon  the  average  rainfall  over  the  seven  years  from  1855-1861 
inclusive,  it  is  estimated  that  there  is  at  Kugby  an  average  of 
about  60  tons  of  sewage  per  head  per  annum ;  and  as  Table  XL 
shows,  if  12^  lbs.  of  ammonia  be  distributed  through  that  amount 
of  fluid  it  will  contain  6^  grains  of  ammonia  per  gallon,  and  will 
have  a  value,  calculated  accoriling  to  the  trade  prices  of  its 
manurial  constituents,  of  If  penny  per  ton.  But  the  31  months, 
to  the  sewage  of  which  the  analyses  refer,  were  drier  than  usual^ 
and  hence  the  average  amount  of  ammonia  per  gallon  amounted 
to  7  grains,  which,  still  reckoning  1 2^  lbs.  of  ammonia  per  head 
per  annum,  is  equivalent  to  only  55|  tons  of  fluid  per  head  per 
annum,  which  is  probably  more  nearly  the  amount  than  60  tons 
for  the  comparatively  dry  period. 

Assuming  the  sewage  of  Rugby  to  amount  to  60  tons,  and  that 
of  the  Metropolis  to  100  tons  per  head  per  annum,  including 
Bnbsoil  water  and  rainfall,  it  results  that  the  latter  will  have 
lees  than  two  tliirds  the  strength  and  value  of  the  former. 
In  fact^  whilst  1,000  tons  of  the  average  sewage  of  Kugby 
would  represent  between  16  and  17  individuals  of  a  mixed  popu- 
Alioo  of  both  aexea  and  all  ages,  the  Bam^  c^Qg[i\A\jj  ot  \}qa1  c^€ 
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the  Metropolis  would  represent  only  about  10  such  individuals; 
and  whilst,  reckoned  according  to  the  amount  of  constituents  they 
respectiyely  contain,  a  ton  of  the  average  Rugby  sewage  would  be 
worth  If  penny >  a  ton  of  the  Metropolitan  sewage  would  be  worth 
only  1  penny. 

It  may  safely  be  affirmed  that  there  is,  as  yet,  no  record  of  the 
analysis  of  any  sample  of  sewnge  the  circumstances  of  the  col- 
lection of  which  justify  the  assumption  that  it  fairly  represents 
the  average  Metropolitan  sewage,  either  with  or  without  subsoil 
water  and  rainfall.  Compared  with  any  analytical  results 
hitherto  published,  there  can  be  little  doubt  that  those  arrived  at 
by  the  synthetic  method  above  described  are  much  more  trust- 
worthy. It  is  to  be  hoped,  however,  that  when  the  main  drainage 
system  comes  to  be  in  full  oi)eration,  competent  persons  will  be 
appointed  to  superintend  the  gauging,  sampling,  and  analysis, 
with  a  view  to  providing  data  which  may  serve  to  determine 
satisfactorily  the  approximate  average  composition  of  the  Metro- 
politan sewage  as  it  will  have  to  be  dealt  with  in  any  plan  of 
utilization* 

For  the  convenience  of  those  interested  in  estinmtcs  of  the 
composition  and  value  of  town  sewage,  it  may  be  mentioned 
that  if  a  value  of  Sd.  be  put  upon  every  lb.  of  ammonia,  or  if 
for  each  grain  of  ammonia  per  gallon  a  value  of  one  farthing  per 
ton  be  given  to  the  sewage,  the  result  will  in  either  case  asree 
almost  exactly  with  that  obtained  by  the  elaborate  method  of 
giving  the  currently  adopted  market  values  to  the  several  con* 
etituents,  taking  dry  and  portable  manures  as  the  standard. 

The  subject  of  the  value  realized,  or  realizable,  by  the  agricul- 
tural utilisation  of  sewage  in  various  ways  is,  of  course,  quite 
distinct  from  that  of  the  estimated  money  value,  according  to  the 
trade  prices  of  the  constituents,  and  is  considered  in  other  Sections 
of  the  Report 

VIL  Composition  of  the  Drainage  Water  (^Rugby), 

It  is  obvious  that  in  attempting  to  determine  experimentally 
the  effects  of  applying  to  the  land  given  amounts  of  sewage  of 
known  composition,  there  are  other  data  essential  to  a  right 
judgment  of  the  results  than  those  provided  in  the  records  of  the 
increased  amounts  of  produce  yielded.  It  is  necessary  to  con- 
sider,— 

1.  To  what  extent  the  sewage  is  deprived  of  its  mannrial  or 
putrescible  constituents  in  its  passage  over  and  through  the  land? 

2.  Whether  the  sewaged  land  is  left  in  a  higher  or  a  lower 
condition  after  the  removal  of  the  crop  ? 

To  gmn  some  information  in  reference  to  the  second  of  these 
points  it  was  decided  that  during  the  season  of  1864  the  produce 
of  each  plot  should  be  carefully  weighed,  sampled,  and  analysed, 
without  any  further  application  of  sewage,  and  that  the  soil  of 
each  plot  should  be  submitted  to  such  chemical  examination  as  time 
and  other  ciroumstances  would  permit.    The  resulta  of  \b5&  \as.^ 
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of  tbe  inquiry  are  recorded  in  Section  XII.,  p.  62,  et  seq.  It  may, 
however,  be  here  obserTed,  in  passing,  that  barley  (unmanured) 
was  grown  upon  the  three  plots  devoted  to  the  experiments  on  the 
application  of  sewage  to  rye-grass  in  1863,  and  that  the  crop, 
during  growth,  was  obviously  heavier  where  sewage  had  been 
applied  than  where  it  had  not,  and  heavier  also  where  the  larger 
than  where  the  smaller  quantity  was  employed. 

In  order  to  determine  how  far  the  sewage-water  was  deprived  of 
its  manurial,  or  putrescible,  constituents  in  its  passage  over  and 
through  the  land,  samples  of  the  drainage  water  were  collected 
simultaneously  with  those  of  the  sewage  in  each  field  (commencing 
May  1862  and  ending  October  1863),  and  sent  to  Professor  Way 
for  analysis.  In  all  62  analyses  of  drainage  water  (or  rather 
partial  analyses  corresponding  in  detail  with  those  of  the  sewage) 
have  thus  been  made.  A  few  other  special  analyses,  in  much 
more  detail,  have  been  made  of  the  sewage  and  drainage  of  the 
season  of  1864. 

The  detailed  results  of  the  62  analyses  above  referred  to  will  be 
found  in  Tables  XXIL-XXVIL,  pp.  170-175,  in  the  Appendix. 
The  following  Table  XV.  gives  a  summary  of  the  results,  showing, 
in  parallel  columns,  the  average  composition  of  the  sewage  and  the 
drainage  water,  the  first  division  referring  to  the  samples  collected 
during  the  months  of  May  to  October  inclusive,  1862,  and  the 
second  to  those  obtained  from  November  1862  to  October  1863, 
both  inclusive. 

Table  XV. — Average  Composition  of  the  Sewage  and  Drainage  Water 
collected  at  Rugby  in  the  Seasons  of  1862  and  1863. 

Grains  per  Gallon. 


Five-acre  Field. 

Ten-acre  Field. 

The  Two  Fields. 

Sewage 
water. 

Drainage 
water. 

Sewage 
water. 

Drainage 
water. 

Sewage 
water. 

Drainage 
water. 

Season  1862. — May  to  October,  both  inclusive. 


rOrganic     - 
Substances  in  \  Inorganic 
Solution     -; 

V.       Total  - 


^Organic 
Suljdiances  in)  Inon^uiic 
Suspension  ) 

C      Total 


Totsl  organic  matter  - 
Total  inorganic  matter 

Total  solid  matter 


7-88 
34-49 

7-18 
34-50 

7-60 
32-38 

7-88 
37  10 

7-71 
33-44 

4232 

41-08 

39-98 

41-93 

41*15 

25-67 

1-40 
1-81 

17-14 
W89 

1*89 
8-74 

15-92 
25-28 

40-86 

8-21 

4203 

6-18 

41-20 

22-52 
60-16 

8*58 
86*81 

24-74 
57-27 

9-22 
40-81 

28*63 
68-72 

82'6S 

44*80 

82*01 

6006 

82-85 

Ajnm<ml» 


In  solution 
^  In  suspension 


■t 


Total  - 


4-18 
1-17 

5-60 


0-80 
0't4 

1*W 


I 


4-26 
1-02 

5'IS 


1-86 
0-88 

t-18 


4*20 
l-4ft 

6*64 


7-66 
36*01 


43*37 


1*89 
2*92 


4-81 


8*95 
88*93 

47*88 


1-41 
0*29 


FivoHuare  Fiold. 


water. 


Drtinage 


Ten-«cro  Field. 


Sewago 
water. 


Drainage 
water. 


The  Two  Fields. 


Scwa^ 
water. 


Drainage 
water. 


Season  1863. — ^NoTember  1862  to  October  1863,  both  inclusive. 


C      Ty>tal 
C      Total 


Total  oi^aaic  matter  - 
Total  inoisanio  matter 

Total  solid  matter 


8*35 
89-57 

7-46 
88'S5 

8-80 
88-77 

47-92 

46-01 

47-07 

2785 
39-41 

1-41 
2' 14 

25*99 
84*03 

C6'76 

8-55 

60-92 

85*70 
78-98 

8-87 
40*69 

34-29 
73*70 

114-68 

40*56 

107*99 

7*98 
41-85 


40*88 


3*29 
3*98 


8*32 
89-18 


47-60 


26*60 
87*22 


7*22    I     63*91 


7-73 
38*96 


47-71 


2-87 
3*06 


6-43 


11*27 
45*28 


66*55 


35-01 
76*40 


10-10 
43*04 


111*41 


53*14 


f 


n  solution 
In  suqwiision  • 


Total 


6*88 
2*03 


7-91 


0*69 
0*15 


0-84 


5*69 
1*98 


7-67 


1*85 
0-81 


2-16 


5*76 
2*03 


7-79 


1*28 
0*23 


1-61 


i^'^'t  is  geen  tbat  of  the  matter  in  suspension  nearly  the  whole, 
j^^*^  oiganic  and  inorganic,  has  been  separated  from  tne  sewage  in 
^?  ^^assage  oyer  and  through  the  land ;  the  drainage  water  con- 
,^^2^irig  but  little  of  either,  and  probably  a  considerable  part  of  that 
^  *^<ili  it  did  contain  was  not  contributed  by  the  sewage,  but  was 
**"^    d  fix)m  the  soil  itself. 

matter  in  solution,  on  the  other  hand,  a  gallon  of  drainage 

r  contained  sometimes  more  and  sometimes  less,  but  on  the 

^xge  much  about  the  same  amount  both  organic  and  inorganic 


^1^^-*    gallon  of  the  sewage.     Here,  again,  there  can  be  little  doubt 


B 


^    a  considerable  portion  of  the  matters  found  in  the  drainage 

r  had  their  source  in  the  soil  itself — that  there  had,  in  fact, 

an  interchange ;  the  sewage  giving  up  to  the  soil  yaluable 

constituents,  and  the  fluid  in  its  turn  taking  up  sub- 

^^es  from   the  soil  for  which  the  latter  had  less  power  of 

ntion. 

he  character  of  the  interchange  of  matters  in  solution  as  the 

^ge  passed  through  the  soil  will  be  better  understood  on  an 

ection  of  Table  XVI,  (overleaf) ;  but  before  referring  to  its 

attention  should  be  directed  to  one  or  two  other  j)oints 

Xjght  to  light  in  Table  XV. 

^    \  might  be  expected  there  was  a  larger  portion  of  almost  every 
^tuent,  or  class  of  the  constituents,  enumerated,  in  the  drainage 
the  high  ridged  and  steeply  sloping  10-acre  field,  over  and 
"^^gh  which  the  fluid  passed  the  more  rapidly,  than  in  that  from 
'      ahnost  leyel  5-acre  field.     This  result  is  not  only  the  most 
^^^^^larkable  in  degree,  but  the  most  important  to  remark,  in  the 
^^^  —  of  the  ammonia.     Thus,  whilst  a  gallon  of  the  drainage  water 
the  6-acre  field  contained,  in  1862  oiAy  ?to\xi  ox^^S&Jsv^Ck 
sixth,  and  in  1863  little  more  than  one  tenlYx  ub  mMOc^  \>xs\\s\^x£v^ 
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as  a  gallon  of  the  sewage^  a  gallon  of  the  drainage  from  the  10-acre 
field  contained,  in  1862  more  than  one  third,  and  in  1863  more 
than  one  fourth  as  much  as  an  equal  volume  of  the  sewage.  It  is 
obvious,  therefore,  that  the  retention  by  the  soil  of  the  valuable 
manurial  matters  of  the  sewage  was  much  less  perfect  in  the  case 
of  the  high  ridged  and  steeply  sloping  1 0-acre  than  in  that  of  Uie 
flatter  5-acre  field. 

As  above  referred  to.  Table  XVI.,  which  now  follows,  shows 
more  in  detail  the  changes  in  the  composition  of  the  fluid  in  its 
passage  through  the  soil. 

Table    XVI. — Detailed  Composition   of    Samples    of   Sewage    and 
Drainage  Water  collected  at  Rugby  in  the  Summer  of  1864. 


Grains  per  Gallon. 

Constituents. 

Collcctcd 
July  6-11. 

Collected 
July  13-18. 

Sewage. 

Drainage. 

Sewage. 

Drainage. 

In  solution      •« 

"Inon^anic  matter  :— 

Oxide  of  Iron,  &c.    •         -       - 

Lime 

Magnesia 

SoSk(») 

Chloride  of  Sodium  (»)     - 
Ch  trido  of  Potassium  ( ^) 
Sulphuric  acid        -       - 
Phosphoric  acid        .       •       . 
Carhonicacid        •       - 
Silica 

Total        • 

Oiganic  matter       .       •      •      . 

Total  nuUter  in  solution  - 

Inonanio  matter : — 

C  xide  of  Irou  and  Alumina 
Lime        -       -       -       - 
Magnesia        -        .        .      . 
Carbonic  acid        -        .          - 
Phosphoric  acid        ... 
Silica,  sand,  Ac.     -      - 

Total 

Organic  matter      -      .       .       - 

Total  matter  in  suspension 

Traces. 
8-45 
1-76 
5'46 
6-82 
6*08 
4*39 
1*28 
8*83 
1*80 

10*25 
1-69 
0*33 
0*73 
1*60 
6*55 
0*44 
6*18 
0*80 

1*25 
8-28 
1-80 
5-24 
8-63 
6*17 
4*01 
1*66 
7-42 
1-00 

0*25 
10*08 
1*69 
2*S0 
0*21 
2*84 
6*75 
0-32 
7-01 
0*80 

44*87 
11*20 

87*62 
7*80 

46-81 
10-00 

40-75 
7*05 

( 

5607 

45*32 

55*91 

47*80 

In  suspension  - 

4*87 
4*48 
0-66 
9-25 
1*84 
91*60 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

6-80 
8-75 
0*26 
2-17 
1*14 
89*30 

•  • 

•  • 

•  • 

•  • 

46-39 
40*40 

•  • 

•  • 

62-91 
82-40 

•  • 

•  • 

86*79 

•  • 

85-31 

. . 

Total  inorganic  matter 
Total  organic  matter  (*)     - 

91*20 
61*60 

87*62 

7*80 

96*22 
42*40 

4a*75 
7*05 

Total  solid  matter      - 

142*86 

45*32 

140*62 

47*80 

'Potass 

<^)  Containing  -  Soda 

CChlorine    •-•... 

8-64 
0*07 
7*08 

0*04 
6*64 
6*61 

8-90 
9*76 
8*10 

1*48 
7*17 
6*70 

/'Tn  solution 
Ammonia  J  In  »uspension 

6-74 
2*99 

0-os 

•  • 

6*36 
2*43 

0-99 

{')  Containing  •« 

V.          Total       •      • 
Jfitrie  add  in  solutions  Anmionia- 

8*66 

•  • 

0-98 
Wl-88 

8-78 

0-93 
Wl-41 

^.  4-227  Nitric  acid=l*006^\tro««DL«V«SVkna(ic»^A. 
♦«4-48S     „       ^   =ri«»      .       -vm      . 
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The  samples  of  sewage  and  drainage  to  which  Table  XYL 
•reefers  were  not  collected  in  either  of  the  fields  formerly  under 
tsperimenty  bat  in  a  meadow  in  the  occupation  of  Mr.  Campbell, 
rhere  sewage  had  been  pretty  liberally  applied  for  the  last  two  or 
'ftliree  seasons,  but  in  which  the  application  had  been  syspended  for 
ime  weeks  until  within  a  few  oajs  of  commencing  to  take  the 
iples.     The  plan  of  collection,  both  for  sewage  and  dnunage, 
to  take  of  the  former  about  a  gallon,  and  of  the  latter  about 
^laalf  a  gallon,  8  or  10  times  during  the  10  or  12  working  hours 
-iof  the  day ;  at  the  end  of  the  day  after  well  shaking  to  take  a 
,:Sallon  from  each  mixture,  and  to  repeat  this  for  six  consecutive 
^Oays  until  six  gallons  of  each  was  obtained ;  when,  from  each,  after 
'yell  shaking,  a  two  ^Uon  sample  was  taken,  and  sent  to  Professor 
M^ay  for  analysis.     The  sewage  flowed  from  the  main  into  open 
.aruns  for  distnbution  over  the  land,  but  for  the  purpose  of  collect- 
ing the  samples,  the  stand  pipe  was  each  time  affixed,  and  the 
"^ater  allowed  to  flow  through  it  for  ten  minutes  before  the  sample 
"^as  taken.     The  drainage  was  taken  direct  from  the  main  cross 
^ipe  drain  at  the  lower  end  of  the  field.     Both  sewage  and  drain- 
age were  allowed  to  run  an  hour  or  two  each  morning  before 
^taking  the  first  sample. 

During,  and  for  sometime  previous  to,  the  collection  of  these 
-samples,  the  weather  was  unusally  dry,  and  the  land  was  itself  so 
dry,  and  in  many  places  cracked,  that  it  was  feared  a  good  deal  of 
^he  sewage  would  find  its  way  too  directly  to  the  drains.  Judging 
from  the  results,  however,  which  show  a  less  amount  of  matter  in 
solution  (both  organic  and  inorganic)  in  a  gallon  of  drainage  in 
proportion  to  that  in  an  equal  volume  of  sewage  than  in  the 
average  of  the  cases  relating  to  the  other  fields  and  previous 
seasons,  it  would  appear  that  the  soil  had  done  its  work  of  absorp- 
tion at  any  rate  as  well  in  the  cases  to  which  the  more  detailed 
analysis  refer  as  in  the  majority  of  the  others.  It  would,  ob- 
viously, be  desirable  to  have  samples  taken  for  analysis  under  very 
different  conditions  of  the  weather  and  of  the  land ;  and  the  plan 
was,  to  have  such  samples  taken  and  analysed;  but  up  to  the  time 
of  writing  the  drought  has  continued,  and  it  is  doubtful  whether 
results  relating  to  wetter  weather  can  be  available  for  embodiment 
in  the  present  report. 

In  judging  of  the  results  of  either  Table  XV.  or  XVI.,  it  will 
of  course  be  borne  in  mind,  that  the  quantity  of  any  constituent  in 
a  gallon  of  the  drainage  water  compared  with  tliat  in  a  gallon  of 
the  sewage,  by  no  means  directly  indicates  the  proportion  supplied 
by  the  latter  which  has  not  been  taken  up  by  the  soil.  We  had 
not  the  means  of  gauging  the  amount  of  fluid  passing  ofl^  as  drain- 
age water ;  but  excepting  when  the  land  is  already  saturated,  it 
must  obviously  be  considerably  less  than  that  passed  on  to  it  as 
sewage.  In  fact,  a  gallon  of  drainage  water  will  represent  much 
more  than  a  gallon  of  sewage,  and  hence  the  amount  of  any  con- 
situent  of  the  sewage  found  in  a  gallon  of  the  drainage  must  have 
been  derived  from  more  than  a  gallon  of  the  former.  The  non- 
retention  of  valuable  manurial  matters  by  the  soil  was,  therefore^ 
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iiot  80  great  as  would  ot  first  dight  appear  from  an  inspection  of 
the  comparative  composition  of  e^ual  volumes  of  sewage  and  of 
drainage  water. 

It  is  satisfactory  to  observe  that^  of  the  inorganic  matters  in 
solution  in  the  sewage^  by  far  the  larger  proportion  of  those  con* 
stituents  which^  by  the  removal  of  the  produce  from  the  liai,  are 
the  most  likelyto  oecome  deGcient  relatively  to  others^  is'retained 
by  the  soil.  Thus^  smaller  proportions  of  both  the  potass  and  the 
phosphoric  acid  coming  on  to  the  land  in  ihe  sewage  passed  ofi^  in 
the  drainage  than  of  any  other  constituents.  Of  the  bases^  sodfi 
was  also  retained  by  the  soil  to  a  considerable  extent,  magnesia  in 
a  less  degree,  and  lime  less  stilL  Indeed,  of  lime,  there  was  more 
in  a  gallon  of  drainage  than  in  a  gallon  of  sewage.  Of  sulphuric 
.acid,  again,  there  was  considerably  more  in  the  drainage  than  in  an 
equal  volume  of  the  sewage.  Lastly,  of  soluble  silica  a  con- 
siderable portion  passed  off  in  the  drainage. 

Of  inorganic  matter  in  suspension,  the  quantity  in  the  drainage 
water  was  so  small,  and  it  was  so  obviously  derived  from  the  soil, 
that  it  was  considered  quite  unnecessary  to  submit  it  to  analysis. 
It  may  be  concluded,  indeed,  that  practically  the  whole  of  the 
suspended  matter  of  the  sewage,  both  inorganic  and  organic, 
would  be  retained  by  the  soil.  It  will  be  observed  that  a  consi- 
derable proportion  of  the  phosphoric  acid  of  the  sewage  was  in 
the  suspended  matter ;  and  as  there  was  none  in  that  of  the  drain- 
age, a  much  larger  proportion  of  the  total  amount  of  that  con- 
stituent of  the  sewage  was  retained  by  the  soil  than  appears  from 
the  figures  relating  to  the  i»hosphoric  acid  in  solution  alone. 

Of  organic  matter  in  solution  a  very  considerable  quantity  was 
found  in  the  drainage  water ;  though,  compared  with  the  amount 
in  the  sewage,  not  quite  so  much  in  the  two  cases  to  which 
Table  XYI.  refers  as  on  the  average  of  the  large  number  of 
cases  to  which  Table  XV.  relates.  There  can  be  little  doubt, 
however,  that  the  soluble  organic  matter  of  the  drainage  was 
very  different  in  character  to  that  in  the  sewage.  That  set 
down  as  soluble  organic  matter  in  the  sewage  contained  a  very 
much  larger  proportion  of  nitrogen  as  ammonia,  or  ammonia- 
yielding  matter,  than  that  in  the  drainage.  It  is  probable  too> 
that,  during  periods  of  active  vegetation,  a  notable  portion  of  the 
soluble  organic  matter  of  drainage  will  frequently  be  derived  from 
vegetable  matter  within  the  soil,  and  not  directly  from  the  sewage. 

An  important  point  to  remark,  which  the  more  detailed  analyses 
recorded  in  Table  XVI.  discloses,  is,  that  whilst  the  sewage  did 
not  contain  an  appreciable  amount  of  nitric  acid,  the  drainage 
contained  more  nitrogen  in  that  form  than  as  ammonia ;  and 
adding  the  amount  of  ammonia  to  which  the  nitrogen  in  the 
nitric  acid  is  equivalent  to  that  determined  as  such,  it  would 
appear  that  the  soil  had  not  retained  so  large  a  proportion  o£ 
that  important  manurial  constituent  of  the  sewage  as  might 
Aare  been  judged  if  only  the  more  patUal  analvses,  the  average 
results  of  whim  are  recorded  in  Table  X\.,\MA\i<»\iTQaiSL^* 
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The  smoiints  of  pota88«  phoephoric  acid^  'ammonia^  and  nitrio 
aoid,  found  in  the  dminage  water,^  clearly,  show  that  the  sewage 
was  not  perfectly  deprived  of  its  valuable  manurial  matters  in 
its  pam^  through'  the  9oil ;  and  the  amounts  of  total  soluble 
jnatter^  and  especially  of  soluble  organic  matter,  show  that  it 
twas  by  no  means,  perfectly  purified.  There  is,  indeed,  a  limit, 
depending  upon  the  physical  and  chemical  characters  of  the  soi^ 
and  upon  the  amount  and  composition  of  the  fluid  passed  through 
ity  to  the  power  which  a  soil  possesses  of  removing  substances 
from  solution,  or  of  preventing  those  already  absorbed  from  being 
dissolved)  in  water  passing  through  it;  and  so  far  as  the  soluble 
organic  matters  of  the  drainage  are  derived  from  vegetable  matter 
within  the  soil,  it  is  a  question  whether  there  will  not  alwa^ 
be  a  t:onsi4erabIe  amount  in  that  passing  from  land  covered  with 
a  Inxuriant  vegetation*  So  far,  however,  as  the  nitrogen  of  th^ 
drainage  exists  in  the  form  of  nitric  acid,  it  is  a  pretty  satisfactory 
indication  that:  the  organic  matter  has  to  a  great  extent  already 
passed  the  stage  of  deleterious  putrescence.  ; 

In  the  experiments  under  consideration  the  arrangements  were 
not  such  as  to  allow  of  the  water  drained  from  one  portion  of  the 
land  being  passed  over  another,  otherwise  it  would  no  doubt  have 
been  more  completely  both  utilized  and  purified.  At  Beddington, 
jsear  Croydon,  where  a  tract  of  about  250  acres  is  already  laid 
down  for.  sewage  irrigation  by  gravitation  and  open  runs  (and  the 
area  is  in  course  of  enlargement),  a  ^eat  portion  of  the  water 
does  duty  twice,  and  sometimes  three  times ;  and  from  the  results 
of  some  analyses  of  the  sewage  and  of  the  drainage  water,  which 
have  kindly  been  communicated  by  Mr.  Latham,  the  Engineer 
to  the  Croydon  Local  Board  of  Health,  it  appears  (see  Appendix, 
No.  3,  p.  203.)  that  the  water  eventually  passes  from  the  land  in 
a  state  of  much  greater  purity  than  wns  the  case  In  the  Rugby 
experiments.  In  fact,  before  the  present  arrangements  were  in 
force,  the  Croydon  Board  had  to  meet  numerous  law  suits  on 
account  of  the  pollution  of  the  river  by  the  sewage;  but  so 
efficiently  is  the  sewage  now  purified  that  those  having  the 
riglit  of  fishing  in  the  river  have  found  it  worth  while  to  fix 
gratings  to  prevent  the  fish  going  up  the  main  outfall  from  the 
sewage  irrigated  land. 

It  is  dear  that  in  any  extensive  scheme  for  the  irrigation  of 
grass  land  by  sewage,  the  arrangements  should  be  such  as  to 
sJlow  of  the  water  being  passed  over  or  through  the  land  more 
than  once,  so  that  both  the  utilisation  and  the  purification  may  be 
as  complete  as  possible. 

VIII.   Composition  of  the  Umetcaged  and  Sewaged  Grass. 

It  has  been  seen  that,  reckoned  in  the  fresh  or  green  state, 
a  greater  weight  of  sewaged  than  unsewaged  grass,  was  re- 
quired  to  yield  a  given  amount  of   milk  or  increase  in   live 

D  2 


S2 

weight;  but  that  less  of  the  dry  or  solid  substance  of  t1 
sewaged  than  of  the  unsewaged  grass  was  required  to  produi 
a  given  amount  of  milk  or  increase.  It  was  further  found  tha 
especially  in  the  case  of  the  sewaged  grass^  it  required  less,  bo 
of  green  grass  and  of  dry  substance  of  grass,  to  yield  a  giy< 
return  in  milk  during  the  earlier  than  the  later  portions  of  tl 
season,  and  also  less  in  one  season  than  in  another.  It 
obTiously  important,  therefore,  to  ascerttdn  the  difference  in  tl 
proportion  oi  dry  or  solid  substance,  and  the  difference  in  tl 
composition  of  the  solid  substance  itself,  of  the  grass  gro¥ 
without  and  with  sewage,  with  smaller  and  with  larger  quantiti 
of  sewage,  at  different  periods  of  the  season,  and  in  differe 
seasons. 

The  mode  of  taking  and  preparing  samples  for  analysis  w 
BuflSciently  described  m  our  former  JSeport ;  and  the  gcner 
results  of  the  analyses  of  the  produce  of  the  first  season  (186 
were  also  there  discussed;  the  details  being  given  in  Tabl 
XXXIX.,  XLY.,  in  the  Appendix  to  that  Report. 

The  detailed  results  of  the  analysis  of  the  produce  of  18< 
and  1863  are  given  in  Tables  XXVIII.-XL.,  pp.  176-193, 
Appendix  No.  1.  to  the  present  Report ;  but  the  following  sui 
mary  Tables  XVII.  and  XVIII.  bring  together,  side  by  side,  tl 
mean  results,  both  as  to  proportion  of  dry  substance  and  compos 
tion  of  dry  substance,  for  each  of  the  three  seasons  over  whi< 
the  experiments  have  been  conducted,  and  these  will  be  sufficie: 
to  indicate  the  chief  points  of  interest 

The  general  indications  of  the  further  results  now  adduced  a 
strictly  accordant  with  those  formerly  reported;  the  only  ne 
point  illustrated  being  the  difference  in  the  composition  of  tl 
grass  in  one  season  compared  with  another. 

Comparing  first  the  composition  of  the  grass  produced  und 
different  conditions,  in  one  and  the  same  season,  it  is  seen  th 
there  is  in  each  season  a  very  great  difference,  both  in  the  pr 
portion  of  the  dry  substance  and  in  the  composition  of  that  d: 
substance,  according  to  the  varying  drcumstances  of  growt 
With  scarcely  an  exception  in  either  season,  the  proportion 
dry  or  solid  substance  in  the  grass  as  cut,  weighed,  and  giv< 
to  the  animals,  was  considerably  lower  in  the  sewaged  than 
the  unsewaged  grass,  and  generally  the  lower  the  larger  tl 
quantity  of  sewage  employed.  There  was  also,  pretty  uniform! 
a  diminished  proportion  of  dry  substance  in  each  successive  cuttii 
as  the  season  advanced. 

It  will  be  readily  understood  that  the  proportion  of  dry 
solid  substance  in  the  grass  depends  upon  the  stage  of  growl 
the  proportion  of  leaf  and  stem,  and  the  condition  of  the  weath 
at  the  time  of  cutting.  The  grass  grown  without  sewage  was  i 
the  most  part  cut  at  a  later  sta^  of  growth,  and  showed  mo 
tendency  to  form  stem  and  seed  than  that  grown  with  it,  ai 
the  greater  the  quantify  of  sewage  the  greater  was  the  productii 
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Table  XVII. — ^Per-centages  of  Dry  Substance  in  tlie  Unsewaged  and 

the  Sewaged  Grass. 

Seasons  1861,  1862,  and  1863. 


Five-Acre  Pield. 


Ten-tcrc  Field. 


Un- 
aewaged, 

Plotl. 


Sewaged. 


Plots. 


Plots. 


Plot  4. 


Mean. 


Un- 
aewiged, 

Plotl. 


Sewaged. 


Plots. 


Plots. 


Plot  4.; 


Mean. 


-—____ 

• 

Headow  Grass. 

First  Season,  1861. 

^**C'o„    . 

S7'9 

80*5 

S69 

27-7 

28'S 

S20 

23*3 

21*4 

18*4 

21*3 

*lCroft      . 

W4 

19-8 

14-2 

13-8 

17-9 

26*9 

171 

15*1 

16*  1 

18*8 

MC^^ 

•  • 

IS'4 

13-7 

lS-9 

13-3 

• . 

12*6 

7-3 

14*4 

11*4 

**Oro»    . 

•  • 

•  • 

15-4 

9-6, 

IS' 6 

• . 

16-9 

16*1 

17*8 

16*6 

>«•»». 

26'S 

SI'S 

17*6 

15*9 

•  • 

24*5 

17*6 

14*7 

16*7 

•  . 

i 


Meadow  Grass.    Second  Season,  1862. 


«*7 

2?.'8 


24*8 


22*8 
14*8 
18*2 


18*4 


14*4 
16*4 
12*9 


14*6 


15*3 
19*4 
14*2 


16*3 


19*8 

S6'9 

19*5 

13*6 

18*1 

'     18-S 

1 

17*9 

16*2 

19*0 

16*7 

15*1 

•  • 

14*5 

14*4 

15*8 

•  • 
1 

i 

.  • 

•  • 

. . 

•33*8 

22*4 

16*4 

15*6 

15*2 

18-8 
17*5 
14*9 
38*8 


Meadow  Grass.    Third  Season,  1863. 


S6-1 

21*5 

17*6 

1 
16*3 

22-0 

30-8 

18-6 

20*0 

14*6   i 

84-4 

18*5 

14*9 

17*8 

21*4 

18-2 

17-7 

16-3 

18*8 

•  • 

17*7 

10*9 

17*6 

15*4 

•  • 

12*4 

14*6 

15*2 

a  . 

15-8 

13*0 

12*3 

13*7 

•  • 

•  • 

13*9 

13*6 

•  • 

•  • 

*  a 

15*8 

15-3 

• . 

•  • 

16*2 

•  • 

86-S 

18*4 

14*1 

15*9 

•  • 

29*0 

16*2 

15*0 

23*8 
17*8 
14*1 
13*8 


Italian  Rye  Grass,  1863. 


1ft  Crop 

2d  Crop 
SdCrop 
4AhOrq;> 
6th  Crop 
athCrop 


21*8* 

23*7 

18*8 

17*5 

86*4 

27*6 

18*8 

38*2 

13*8 

18-9 

19*9 

16*8 

17*8 

.  • 

18*8 

20*4 

28*8 

19*  1 

18*6 

21*3 

20-0 
27*4 
22*0 
18*2 
19-5 


*  All  three  plots  were  uni ewaged  until  after  the  first  cutting. 


Tablk  XVIir. — ^Mean  Composition  (per  cent.),  of  the  Dry  Substance  of  t1 
Grass,  without  aad  with  Sewage,  and  in  each  successive  Crop. 


In  Seasons  1861,  1862,  and  1863. 

mHKot  Dud  wUh  SnMpO. 

.^",;. 

A 

Id 
Crop. 

ad 

Crop. 

Crop. 

Crop. 

Plotl. 

notz.jpiots.'mat* 

Cr 

HMdow  (jifam— Firat  SeuoD,  1861. 


3(mDlwr  of  Biiil  JBH  giving  Ihe  j           j 

> 

« 

B 

" 

. 

. 

SitrwwiDUi  subrtmiw  (N  x  as) 

is-« 

IS'ST 

18 -Oi 

19-78 

10-S3 

lfl-07 

s-js 

»'2S 

¥atI7iiutt«t  (ether  utmct)       - 
Other  oon-nitrtigpiiOTU  labitaocM 

«'«e 

87'01 

M-ei 

S 

30'M 
i7-71. 

3;« 

50-B4  «■« 

Min(T«lniitttOT(ub) 

8'tt 

use 

ll'M 

11 -IS 

8-07 

n-e» 

13S0 

»M 

KWW) 

--!-- 

m-w 

m-W^m-<^y«,'a«,-<. 

Meadow  Grua — Second  SeuoQ,  186). 


Nutnbtir  of  uulysea  giring  the) 

« 

. 

. 

'  '■ 

B      e 

Frttj  mutlar  (CTher  «trMt)       ■ 
Minoml  m.tMr  (uh) 

Wii 
10- M 

lS-71) 

:: 

"2 

»-8fl 
lll'« 

Sit 

8-71 

1(C70  ll'U 

IB -a 

♦■« 
S*-8» 
S8-70 

18-80 

loa-m 

loooo 

u 

lOO-Do'llW-M'llWMlM-WI 

Hcadow  Qrui — Third  Seuon,  1863. 


KumbPT  Df  ui>l;»i  glvldg  the! 

B 

. 

a 

8 

4 

.          1 

TmymUt^r  (ether  «lr«t)        . 
T*'o«l/IH)re       .        .        -         , 

Kiuerel  matter  (uh} 

38 -4S 
1BB7 

408 
SJ-K 

2S-40 

M-79 

U-Ott 

«■» 

PEP 

16-M 

IB-BS 
S7-0I 

WIS  ss-is 
ta-m  so'si 
»'»  u-ei 

io«-«. 

'"■■"■ 

IKOon 

looc, 

IWOO 

iiww'ioo-oo 

"•■"J"""' 

Italian  Bye-gr»M 

1863 

Number  of  uuljwt  siting  the> 

. 

. 

. 

I 

1 

1 

6          S 

IMgjiMtlm  (athar eitiwE)        - 

Sl-88 
10-1* 

S9'7« 
ll-M 

S-N6 

ii-(« 

irsi 

17-78 

:: 

IBM 

SB'W 
IS-SB 

8-90 

ll-OT 

SIS 

tt-TB 
4S-BS 

ia-70  M-M   » 
4-31     4-4I     S 

MiiMn]  matter  (uh)       . 

IWM 

lOO-OO 

■-H 

lOO-WlllflO-IXl  IM-OO 

lOO-W  100-00|10fl 

of  succulent  leaf;  though^  even  with  sewage^  the  tendencj  to 
run  to  seed  is  much  greater  in  hot  and  dry  than  in  cold  and 
Vf  ei  seafiOD^  Then  again,  the  earlier  crops  of  the  season  are  not 
only  grown  under  much  more  favourable  maturing  conditions^  but, 
from  their  much  greater  abundance,  thej  are  generally  cleared 
znore  alowlj,  and  are  therefbreliable  to  be  in  a  more  advanced 
stage  when  cut;  whilst  the  later  ones  are  not  onlj  produced 
uuider  less  favourable  maturing  circumstances,  but  are  frequently 
vxiuch  more  affected  in  their  condition  by  unfavourable  weather  at 
"^lie  time  of  cutting* 

^Wlth  Italian  rye  grass,  as  well  as  wich  meadow  grass,  the 
Inerbage  in  the  condition  in  which  it  was  cut  was  found  to  be 
xnuch  more  succulent  when  grown  with  sewage  than  without 
mrL  In  the  case  of  the  rye  grass,  however  (though  it  is  true 
only  small  quantities  of  sewage  were  applied,  and  the  results 
^relate  to  only  one  season),  the  diminution  in  the  proportion  of 
^fhy  substance  as  the  seasou  advanced  was  somewhat  less  marked. 

The  general  result  is,  that  there  was  a  less  proportion  of  dry 
or  soUd  substance  in  the  sewaged  grass,  as  cut,  than  in  the 
"^tmsewaged;  but  that  a  given  amount  of  dry  substance  in  the 
«ewaged  was  nK>re  productive  of  milk  and  increase  than  an  equal 
mmount  in  the  unsewaged  grass. 

The  question  arises, — ^was  there  any  difference  in  the  com* 
j)09ition  of  the  dry  or  solid  substance  of  the  unsewaged  and  the 
sewaged  grass  which  may  account  for  the  higher  food-qualities  of 
that  of  the  sewaged  ? 

Table  XYIIL  shows  that  the  most  remarkable  difference  was 
in  the  proportion  of  the  nitrogenous  constituents,  the  per-centage 
of  which  was  in  each  season  much  higher  in  the  solid  matter  of 
the  sewaged  than  in  that  of  the  unsewaged  grass,  and  also  the 
higher  the  greater  the  quantity  of  sewage  applied.  The  pro- 
portion of  green  and  impure  fatty  or  waxy  matter  was  also  some- 
what, but  in  a  less  degree  than  the  nitrogenous  substance,  the 
greater  in  the  sewaged  grass.  The  comparatively  indigestible 
woody  fibre,  judging  from  the  results  of  1862  and  1863,  when 
the  sewaged  crops  were  cut  in  a  younger  and  more  favourable 
condition  than  in  1861,  will  probably  average  less  in  sewaged 
than  in  unsewaged  grass.  But  the  mineral  matter^  like  the  nitro- 
genous and  green  fatty  or  waxy  matters,  is  in  the  larger  amount 
in  the  sewaged  grass,  and  like  them  also,  a  relatively  large  amount 
of  it  is  generally  indicative  of  a  more  unripe  and  succulent 
condition. 

That  the  higher  milk -yielding  qualities  of  the  solid  matter  of 
the  sewaged  grass  do  not  depend  simply  on  its  higher  per-centafi^e 
of  nitrogenous  constituents  is  evident  from  the  fact  that  the  solid 
matter  of  ihe  later  crops  of  the  season,  which,  weight  for  weight, 
had  much  less  value  as  food  than  that  of  the  earlier,  neverth^ess 
contained  a  veiy  much  higher  proportion  of  nitrogenous  substance. 
Indeed,  there  was  generally  more  than  twice  as  much  nitrogenous 


56 

fiubstance  in  a  given  amount  of  the  solid  matter  of  the  last  than  of 
the  first  crop  of  the  season. 

It  would  appear  that  the  Ugher  qualities  of  the  solid  matter  of 
ihe  sewaged  grass,  and  of  the  grass  grown  in  the  earlier  and  more 
genial  periods  of  the  season,  were  due  rather  to  a  favourable  con« 
dition  of  maturation,  and,  therefore,  of  digestibility  and  assimila- 
bility,  of  the  constituents.  That  the  condition  of  maturation  or 
elaboration  of  the  constituents  had  much  to  do  with  the  quality  of 
the  grass  is  evident  from  the  fact  that  the  produce  of  the  warmer 
seasons  of  1861  and  1863  was  much  more  productive  than  that  of 
the  cold  and  wet  season  of  1862.  And  that  a  comparatively  high 
per-centage  of  nitrogenous  substance  is  only  advantageous  when 
accompanied  with  a  favourable  condition  of  maturation,  may  be 
gathered  from  the  fact  that  with  the  higher  per-centage  of 
nitrogen  in  the  produce  grown  in  the  more  favourable  seasons 
of  1861  and  1863  there  was  higher  feeding  quality,  whilst  with 
the  higher  per-centage  of  nitrogen  in  the  produce  grown  in  the 
later  and  colder  periods  of  the  seasons,  there  was  lower  feeding 
quality. 

Italian  rye  grass  seems  to  be  subject  to  veiy  similai*  variations 
in  composition,  by  the  application  of  sewage,  and  at  different 
periods  of  the  season,  as  meadow  grass ;  but  as  the  amounts  of 
4sewage  applied  to  it  were  comparatively  small,  and  the  results 
relate  to  one  season  only,  it  can  scarcely  be  judged  with  certainty, 
whether  or  not  the  changes  in  composition  would,  under  compara- 
rable  circumstances,  be  much  the  same  in  degree  as  well  as  kind, 
with  the  two  descriptions  of  herbage.  The  feeding  results  seem  to 
indicate  that  the  Italian  rye  grass  deteriorated  somewhat  less  than 
the  meadow  grass  as  the  season  advanced,  but  the  difference  in 
chemical  composition  offers  no  very  obvious  explanation  of  the 
fact. 


IX.  Effects  of  Sewage  on    the  mixed  herbage  of  grass  land  in 
developing  the  more  freely  growing,  at  the  expense  of  the  less 
freely  growing  plants. 

It  is  well  known  that  active  manures  of  any  kind,  when  applied 
to  the  mixed  herbage  of  grass  land,  develop  certain  more  freely- 
growing  plants  to  the  partial,  or  in  some  cases,  the  entire  exclusion 
of  others.  Irrigation,  whether  by  sewage  or  otherwise,  produces 
very  similar  effects. 

On  careful  inquiry,  and  by  the  aid  of  samples  obtained  from 
some  of  the  most  important  sewage  meadows  in  the  neighbourhood 
of  Edinburgh,  it  is  found  that  wherever  the  application  has  been 
continued  for  a  considerable  number  of  years,  the  produce  consists 
almost  exclusively  of  rough  meadow  grass  {poa  trivialis),  common 
couch  grass  (triticum  repens),  and  in  a  smaller  proportion  of  rye 
grass  {loKum  perenne),  or  rough  cockVfoot  {dacfylis  ghmenUa)^ 
or  both;  the  chief  weed  being  crow-foot  {ranunculus),  of  various 


species.    In  four  out  of  five  reports  from  as  many  different  sewage 

^nners,  the  poa  is  said  to  stand  first,  and  the  couch  grass  second 

^^  degne  of  prominence.    The  poa  ako  seems  to  stand  first  in 

^stiiDation  as  a  sewage  grass;  whilst  the  common  couch  is  also 

^Uch  valued.    Inde^,  Mr.  Thomson,  of  Boseburn,  informs  us 

^^t  he  has  actually  transplanted  this  weed  of  our  corn  fields  from 

^^   arable  land  to  lay  down  for  sewage  meadow,  and  that  the 

^^^^ult  has  been  quite  satisfactory ;  he  also  informs  us  that  when 

^^  has  sown  as  many  as  15  or  20  different  kinds,  most  of  them 

'^ve  gradually  died  out,  and  after  some  years  only  a  few  suitable 

^  the    hind  and  the  treatment  remained.     (See  notes  on  the 

'^^dinbuigh  Meadows,  Appendix,  p.  198  et  seq.) 

At  Bugby  similar  effects,  but  at  present  in  a  less  degree,  have 
been  produced.  The  following  observations  on  the  character  of 
the  herbage  in  the  two  fields  are  founded  upon  the  records  of  a 
careful  examination  made  in  August  1862,  since  which  time, 
liowever,  further  change  has  doubtless  taken  place  on  the  sewaged 
plots. 

The  portion  of  land  left  unsewaged  by  the  Commission  in  the 
five-acre  field  had  received  less  sewage  previously  than  that  in 
the  ten-aere  field,  and  showed  somewhat  greater  complexity  of 
herbage. 

In  the  five-acre  field  the  most  prominent  grasses  on  the 
unsewaged  portion  were  woolly  soft*grass  (holctu  kmatus),  common 
bent  grass  {agrostis  vulgaris^  rough  meadow  grass  {poa  trivialU)^ 
hard  fescue  (festuca  durtuscula),  rough  cockVfoot  {dactylis  glome' 
rata),  and  rye  grass  {lolium  perenne)^  with  a  number  of  others  in 
much  smaller  proportion.  The  herbage  also  comprised  several 
species  of  the  L^uminous  family,  besides  a  number  of  weeds,  of 
v?hich  the  most  prominent  were  ribwort  {plantago  lanceolatd), 
milfoil  (achiHcea  millefolium)^  sorrel  dock  {rumex  acetosa),  and 
dandelion  {taraxacum  dens-leonis).  In  the  ten-acre,  as  in  the  five- 
acre  field,  the  cockVfoot,  woolly  soft  grass,  rye  grass,  and  hard 
fescue^  were  among  the  most  prominent  of  the  grasses  without 
sewage^  whilst  the  rough  meadow  grass,  and  others,  were  less 

ErcMDoment  than  in  the  five-acre  field.    The  amount  of  Leguminous 
erbage  was  also  less  than  in  the  five-acre  field,  whilst  crow-foot 
was  extremely  abundant. 

In  the  sewaged  herbage  of  both  fields  the  cockVfoot  and  woolly 
soft  grass  were  by  far  the  most  abundant,  the  rye  grass  coming 
next,  and  perhaps  the  rough  meadow  grass  or  the  hard  fescue 
next,  others  being  more  reduced.  In  both  fields  the  Leguminous 
herbage  was  much  reduced  in  proportion  under  the  influence  of 
sewage,  whikt  in  the  five-acre  field  the  sorrel-dock,  and  in  the 
ten-acre  the  crow-foot,  were  the  most  pronunent  weeds. 

In  the  sewage  meadows  near  Croydon^  the  cock's-foot  and  rye 
grass  appear  to  be  the  predominating  grasses. 

The  general  effect  of  sewage  irrigation  on  the  mixed  herbage 
of  meamw  land  may  be  stated  to  be^  to  develop  the  Graminaceous 


herbage  ohiefly,  nearly  to  exclude  the  Legominoasi  and  to  reduce 
the  prevalence  of  miacellaneous  or  weedy  plants,  but  mach  to 
encourage  individual  species.  It  also,  at  the  expense  of  the  resty 
encourages  a  few  free-inx>wing  grasses,  among  which,  acc<mlii^ 
to  locality  and  other  circumstances,  the  rough  meadow  grass, 
couch  grass,  rough  oock's-foot,  woolly  soft  grass,  and  rye  grass, 
have  been  observed  to  be  very  prominent  The  result  is  an 
almost  exclusively  Graminaceous,  and  very  simple  herbage.  Bot, 
as  the  produce  of  sewage  irrigated  meadows  is  generally  rither  cat 
or  grazed  in  a  very  young  and  succulent  condition,  the  tendency 
which  the  great  luxuriance  of  a  few  very  free- growing  grasses  has 
to  give  a  coarse  and  stemrny  later  growth  is  not  an  objection,  as 
it  i^  in  the  eas6  of  meadows  left  for. hay.  Indeed^  as  has  been 
already  shown,  when  the  produce  is  given  to  animus  in  a  green 
and  succulent  state,  a  given  weight  of  the  dry  or  solid  substance 
of  the  more  simple  sewaged  grass  is  more  productive  than  an  equal 
weight  of  that  of  the  more  complex  unsewaged  prodooe.. 


iX.  Composition  of  the  milk  yielded  from  the  uneewaged  andfrem 

the  sewaged  grass. 
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.  Once  a  week  during  tiie  greater  part  of  the  season  of  1861,  the 
morning  and  evening  milk  of  the  cows  fed  on  unsewaged  grass 
was  mixed  together,  and  a  gallon  sample  taken.  Samples  of  the 
milk  from  the  sewaged  grass  were  taken  in  the  same  way.  In 
1862  similar  samples  were  collected,  but  then  only  once  a  month. 
In  1863  none  were  taken.  In  all  cases  the  samples  were,  as  soon 
as  taken,  put  into  bottles  filled  up  to  the  corks,  sealed  down,  and 
I9ent  off  the  same  evening  by  railway  to  Professor  Way  for 
analysis. 

;  In  1861  there  were  in  all  13  samples  of  milk  from  unsewaged, 
and  15  from  the  sewaged  grass,  and  in  1862,  six  from  the 
unsewaged  and  six  from  the  sewaged  grass  so  collected  and  sub- 
mitted to  analysis.  The  results  of  each  of  the  28  analyses  of 
the  milk  of  1861  were  given  in  Table  XLYI.  in  the  Appendix 
to  the  previous  Report,  and  those  of  the  12  made  of  the  milk  of 
1862  are  given  in  Table  XLI.,  p.  194,  in  the  Appendix  to  the 
present  Report. 

In  the  following  summary  Table,  XIX.,  the  results  of  the 
whole  40  analyses  of  milk  are  so  classified  as  to  bring  to  view  the 
chief  points  of  interest. 
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^ABLE  XIX. — ^Mean  per-centage  Composition  of  the  Milk  produced 
from  Unsewaged  and  Sewaged  Grass,  alone  or  with  Oilcake  in 
addition,  and  in  different  Seasons. 

«         Seasoks  1861  and  1862. 
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87-600 


100-000 


8*423 
8*707 
4-680 

0-771 


12*680 
87*410 


100-000 


8*126 
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e  average  results  of  the  numerous  analyses  of  the  milk  of 

ion  of  1861  showed  a  somewhat  lower  proportion  of  each 

e  constituents— casein,  butter,  sugar,  &e. — and  also  of  total 

substanoe,  but  a  slightly  higher  proportion  of  mineral  or 

«  matter  in  that  from  the  sewaged  than  in  that  from  the 

waged  grass,  when,  for  a  period  of  16  weeks,  the  cows  were 

^>&  grass  alone.     But  when,  for  a  period  of  four  weeks  at  the 

of  the  season,  oilcake  was  given  in  addition  to  the  grass, 

milk  from  the  sewaged  grass  contained  rather  more  instead 

of  casein,  butter,  sugar,  &c.,  and  total  solid  matter,  than 

from  the  unsewaged;  and  hoih  kinds  of  grass,  although  at 

end  of   the  season,  gave,  with   oilcake  in   addition,  milk 

Gaining  more  of  each  of  the  constituents  mentioned  than  the 

of  the  earlier  and  more  genial  periods  of  the  season  when 

given  alone. 

n  1862  the  season  was  very  cold  and  wet,  and  the  yield  of 

with  cake  giyen  in  addition  to  the  grass  throughout  the 

n,  was  little  if  any  better  than  during  the  period  of  the  more 

durable  season  of  1861,  when  the  cows  had  grass  alone.    Blit 

from  unsiewaged  and  from  sewaged  grass  the  milk  of  1862, 

^n  oilcake  was  given,  was  somewhat  richer  than  that  of  1861 

liout  it;  and  as  during  the  longer  period  of  1861  when  grass 

given  alone,  so  now  in  1862  when  cake  was  given  throughout; 

toSiik  from  tfie  sewaged  grass  contained  less  solid  matter,  and 

^  in  iact  somewhat  less  rich,  than  that  from  the  unsewaeeck 

^  result  of  an  entire  season  is,  of  course,  more  reliable  than 

•i  obtained  vrith  oilcake  during  the  concluding  {o\sx  i<i^^&&  ^siiiq 

tftd  seMoan  at  1861,  which  showed  as  above  o\^%^tN^  ^  x^Soist 
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richer  milk  from  oilcake  and  sewaged  than  from  oilcake  nn3 
nnsewaged  grass.  Upon  the  whole  it  would  appear  probable 
that,  under  otherwise  comparable  conditions,  unsewaged  grass 
will  give  a  slightly  richer  milk  than  sewaged,  whether  given  alone 
or  with  other  food  in  addition. 

The  general  result  is,  that  a  given  weight  of  fresh  unsewaged 
grass,  supplying  as  it  did  much  more  solid  matter,  gave  more  milk 
than  an  equal  weight  of  the  fresh  sewoged  grass ;  that  a  given 
amount  of  the  dry  or  solid  substance  of  the  more  succulent 
sewaged  grass  gave  considerably  more  milk  than  an  equal  quantity 
of  that  of  the  unsewaged ;  that  the  addition  of  oilcake,  whether 
to  unsewaged  or  to  sewaged  grass,  increased  the  richness  of  the 
milk :  but  that  the  milk  from  the  sewaged  grass  (whether  given 
alone  or  with  oilcake)  was  somewhat  less  rich  than  that  from  the 
unsewaged. 

XL  Experiments  on  the  application  of  Sewage  to  Oats  in  1863. 

For  reasons  that  have  been  already  explained,  the  Commission 
did  not  think  it  desirable  to  undertake  a  systematic  series  of 
experiments  with  any  other  crops  than  grass.  Indeed,  so  to  have 
extended  their  inquiry,  would  have  required  much  more  ample 
funds  than  were  at  their  disposal  for  experiments  on  the  agricul- 
tural utilisation  of  sewage.  By  the  kindness  of  Mr.  J.  A, 
Campbell,  however,  they  are  enabled  to  record  the  results  of  an 
experiment  on  the  application  of  sewage  to  oats. 

In  the  spring  of  1863,  in  a  field  from  which  a  crop  of  clover 
had  been  carried  ofi^  in  1861,  and  in  1862  a  crop  of  wheat, 
Mr.  Campbell  was  about  to  give  the  then  growing  crop  of  oats 
a  top  dressing  of  nitrate  of  soda.  Instead  of  this,  four  plots  of 
about  an  acre  each,  were  set  apart  and  treated  as  follows : — 

Plot  1.  Left  unmanured. 

Plot  2.  Sewaged  at  the  rate  of  135^  tons  per  acre. 

Plot  3.  Sewaged  at  the  rate  of  510  tons  per  acre. 

Plot  4.  Top-dressed  with  1^  cwt.  of  nitrate  of  soda. 
The  applications  of  the  sewage,  and  of  the  nitrate,  were  made 
much  later  in  the  season  than  was  desirable.  The  sewage  was 
applied  from  April  28  to  May  16  inclusive;  the  two  acres  re* 
quiring,  with  the  hindrance  of  gauging  by  means  of  a  barrel, 
16  days  for  the  application  by  hose  and  jet  of  the  small  quantities 
stated.  The  nitrate  of  soda  was  sown  broadcast,  partly  on  April 
24,  and  partly  on  May  4. 

For  several  weeks  from  the  time  of  sowing  there  was  very- 
little  rain,  so  that  the  plant  top-dressed  with  nitrate  of  soda  was 
obviously  injured  by  the  application  for  some  time,  the  foliage 
being  much  '^  burnt."  The  sewage,  on  the  other  band,  being 
apphed  during  dry  weather,  and  the  application  followed  by  a 
Tcry  unusally  dry  period,  during  which  spring  com  and  even 
wheat  orops  were  reputed  over  a  considerable  range  of  countiy 
to  be  mffuing  for  want  of  rain,  produced,  as  might  be  ezpectea^ 
Teiy^nuurked  e^ts.     Owing,  too,  to  &e  vaueSi ^xstfyKDiVi  q{  tsin^ 


•v& 


^  sewage  was  of  more  than  the  average  concentration  of  that 
of  Hugbj,  and  probably  about  double  the  average  strength  of 
that  of  die  Metropolis  (including  rain^  &c.)  The  following 
Table  (XX.)  shows  the  results  obtained. 

Tifiu  XX« — ^Besolta  of  Experiments  on  the  application  of  Sewage 

to  Oats. 
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Thus^  under  the  conditions  of  season  described,  there  was  with 
the  nitrate  of  soda  even  rather  less  com^  and  only  about  3  cwts. 
more  straw^  than  without  manure^  and  the  smaller  quantity  of 
sewage  gave  more  increase  of  com  than  the  larger,  though  the 
latter  gave  considerably  the  most  straw.  Both  the  sewaged  crops 
were^  mdeed,  too  luxuriant  to  bear  up  against  the  heavy  rains  of 
June,  and  the  one  with  the  largest  amount  of  sewage  was  very 
much  laid,  and  hence  the  deficient  yield  of  corn  in  proportion  to 
straw.  The  last  three  columns  show,  by  the  deficient  weight  per 
bushel  of  the  dressed  com,  the  large  proportion  of  offal  corn^  and 
the  low  proportion  of  com  to  straw,  where  the  largest  quantity 
of  sewage  was  employed,  that  the  defective  result  as  to  corn  in 
its  case  was  due  to  over  rather  than  to  under  luxuriance.  In  fact, 
the  usual  complaint  when  sewage  has  been  applied  to  growing 
com  crops  has  been  of  over  production  of  straw  and  deficient 
proportion  of  com  -that  is  to  say,  of  a  tendency  of  growth 
which  is  as  imfavourable  in  the  case  of  corn  as  it  is  favourable  in 
that  of  grass. 

There  was,  however,  a  very  high  gross  money  return  per  ton 
of  sewage  applied,  at  any  rate  where  the  smaller  quantity  only 
was  employed.  Thus,  reckoning  oats  at  Ss.  per  bushel,  and  oat 
straw  at  20s.  per  load,  the  gross  value  of  the  increased  produce 
from  one  ton  of  sewage  was — 

With  135^  tons  of  sewage  per  acre        -    S^d.  per  ton. 
With  510  tons  of  sewage  per  acre  -     l\d.  per  ton. 

Here,  then,  with  a  small  quantity  of  sewage  of  nearly  double 
the  average  strength  of  that  of  the  Metropolis^  applied  during  a 
period  of  very  dxr  weather,  which  was  followed  by  a  season  of 
Tcry  unusual  productiveness — ^ihe  harvest  of  1863  being  the  best 
for  many  years  past — the  gross  value  of  the  increased  produce 
MMmnted  to  more  than  bd.  per  ton  of  sewage  employed)  ot  tA 
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nearly  tbre^  timet,  the  market  Talne'of  the  constituenta  of  ih 
sewage  supposing  them  to  have  been  extracted  and  dried.  . 

The  smaller  amount  of  sewage  applied  was  equiyalent.  in  watc 
to  something  under  an  additional  Ijn  inch  of  rain  at  the  criticf 
period  of  ^owth ;  and  the  larger  amount  was  equal  to  about  fiy 
Inches,  which  would  at  thnt  period  have  been  a  very  great  ezcesf 
and  of  itself  caused  rank  and  over  luxuriant  growth  on  any  soi 
in  such  condition  as  the  unmanured  produce  showed  the  one  i: 
-question  to  have  been.  It  is  indeed  difficult  to  say  how  much  c 
actual  result  obtained  was  due  to  the  manurial  constituents,  an 
how  much  to  the  water  of  the  sewage.  At  any  rate,  whethe 
considered  with  regard  to  the  amount  of  manurial  constituent 
supplied,  or  the  amount  of  water,  an  average  of  500  tons  c 
sewage  per  acre  to  arable  land  otherwise  treated  in  the  ordinnr 
.way  would  most  probably  be  found  more  than  appropriate  to  th 
average  of  soils  and  seasons,  and  would  most  certainly  be  mor 
than  appropiate  for  heavy  lands  and  for  wet. seasons;  nor  even  i 
dry  ones,  when  sewage  would  be  worth  a  maximum  value  fo 
some  crops  by  virtue  of  its  water,  if  applied  at  the  proper  time 
would  more  than  this  amount  be  required  the  year  round ;  thougi 
it  is  possible  that  the  demand  might  be  as  much  beyond  the  suppl; 
for  a  short  period,  as  the  supply  would  undoubtedly  be  beyon< 
the  demand  mr  very  much  the  greater  part  of  the  year  so  far  a 
^arable  land  was  concerned. 

XII.  Miscellaneous  Results  obtained  in  1864. 

It  has  been  already  stated  (Section  VII.  p.  45)  that  in  order  t 
ascertain  whether  the  meadow  land  experimented  on  in  1861 
1862,  and  1863  were  left  in  a  higher  or  in  a  lower  condition  b; 
the  application  of  sewage,  and  the  removal  of  the  produce  duriu] 
those  three  yeara,  it  was  decided  that  the  produce  of  each  plo 
should,  in  1864,  be  carefully  weighed,  sampled,  and  analysed 
without  any  further  application  of  sewage ;  and  also  that  the  soi 
of  the  respective  plots  should  be  so  far  submitted  to  chcmica 
examination  as  time  and  other  circumstances  would  allow.  Th 
results  of  this  part  of  the  inquiry  will  form  the  subject  of  th 
present  Section. 

Owing  to  the  extraordinary  drought  of  the  season  of  1864,  i 
was,  as  will  be  readily  understood,  as  unfavourable  as  it  possibl; 
could  be  for  meadow  land  without  either  sewage  or  other  manun 
Indeed,  from  only  one  plot  was  any  second  cutting  taken,  am 
then  only  a  few  cwts.  of  green  grass  were  obtained.  In  all  othe 
cases  the  after-grass  came  forward  so  late  in  the  season  that  i 
was  thought  better  to  feed  it  off  than  to  cut  it. 

The  following  Table  (XXI.)  «hows  the  amounts  of  green  gras 
obtained  from  each  plot;  and  some  particulars  of  the  feeding  c 
the  remainder  of  the  produce  will  be  given  further  on. 


Tabli  XXI.— Produce  of  Green  Grass  obtained  per  Acre  in  1864, 

wiihoai  Sewage* 


^     .       TrMtment 
Bott,!  in 

lMt,18ei,MidUMS. 


Five-acre  Field. 


Dates 
of  Cutting. 


Qumtity. 


Ten-acre  Field. 


Dates 
of  Cutting. 


Quantity. 


Mean 

of  the  Two 

FitMs. 


■^"^"^•^r" 


lint  Crop.' 


1 

s 

a 

4 


^Baewagedl     - 
SkPOQ  tool  aewage) 
per  acre,  per  ann.  S 
MM  iena  aewage) 

e  acre,  per  ann.  i 
tons  aefirage) 
JSracn^J^VULjIi 


June  18—20 
Jnne< 


Kay21--S0 
May  1^-23, 


iiu 

1  14    3  86 


6  12    0  18 
6    0    0  17 


June  16  and  17 
June  8—13 

June  1—7 

May  26— June  1 


8    12    0 
6  12    1  15 


7    4    0    9 
6  11   oil 


JIM 
2    8'"o'27 

4    6    0    3^ 

6    8  U  171 

6  0  0 1  r 


Second  Crop. 


4    1  9,000  tons  sewage 
per  acre,  per  ann. 


} 


Aug.  24 


0    4    3    8 


Ssiall  as  were  the  amounts  of  produce  on  all  the  plot?^  it  is 
nevertheless  clear  that  there  was  much  more  growth  where 
sewage  had  been  applied  in  the  preceding  years  than  where  it 
had  not ;  and  there  was  more  where  6^000  than  where  3^000  tons 
had  been  applied,  even  though  the  crop  was  in  the  former  case 
cut  some  davs  earlier  at  the  most  active  period  of  growth ;  and 
from  the  inaications  there  would  doubtless  have  been  more  still 
where  9,000  tons  had  been  annually  applied,  but  for  the  still 
earlier  dates  of  cutting. 

The  evidence  so  far  is,  then,  that  the  land  was  left  in  the 
higher  condition  of  productiveness  the  larger  the  quantities  of 
sewage  applied,  and  of  produce  removed,  in  previous  seasons ;  and 
although  A  second  cutting  was  taken  in  only  one  instance,  and 
when  feeding  off  the  after-grass  the  plots  were  not  separated  so 
as  to  afford  exact  evidence  on  the  point,  it  may  be  stated  that  in 
both  fields  the  amount  of  feed  was  obviously  much  the  greater  the 
greater  the  quantity  of  sewage  previously  applied.  Indeed,  it  is 
concluded  that  in  each  field  the  plot  4  gave  as  much  after-feed 
as  plots  2  and  3  together. 

In  the  ten-acre  field  the  nfter-grass  of  the  4^  to  5  experimental 
acres  kept  8  heifers,  of  about  7i  cwts.  live-weight  each,  for 
11  days,  from  Nov.  11  to  Nov.  22;  104  sheep  of  about  160  lbs. 
average  live-weieht  for  14  days,  from  Nov.  10  (morning)  to 
Nov.  23  (evening);  and  102  of  the  same  sheep  for  7  days  from 
Dec  7  to  Dec.  14.  The  five-acre  field,  where  the  growth  was 
not  so  good,  kept  32  lambs,  averaging  about  90  lbs.  live-weight, 
for  35  days  from  Nov.  18  to  Dec.  23. 

Further  evidence  of  the  effects  of  the  unexhausted  residue 
from  the  previous  sewage  manuring  is  to  be  found  in  the  difference 
in  the  chemical  composition  of  the  produce  from  the  respective 
plots.  This  point  is  illustrated  by  the  results  of  analyses  given 
m  the  following  Table.  For  further  detatta,  see  k^^^^'^'^^ 
TMe  XLIL  p.  190. 


Table  XXII. — Composition  of  the  Grass  obtained  in  1864,  without  Sewage^ 


First  Crop. 


I 


Five-acre  Field. 


Un- 
•ewaged. 


Plotl. 


Sewaged  in  18ei-%-8. 


Plot  2. 


Plot  S.  I  Plot  4. 


Teii'«ore  Field. 


Un- 
sewaged. 


Plotl. 


Sewaged  in  1861-S-S. 


Plot  2. 


Plots. 


Plot  4. 


SdCro: 


Plot 


I 


Per-cent.  in  the  Fresh  Grass. 


Drj  Substance 


84*70 


80*19 


28*18 


20*88 


88*86 


80*84 


n*88' 


65*2 


Per-cent  in  the  Dry  Substance  of  the  Grass. 


I^'itrogenous  substance 
(Nx6*8)  -       -       - 

Fatty  matter  (ether 
eznact)     -       -      - 

Woody  ft  ore 

Other  non-nitrogenous 
substances 

Mineral  matter  (ash)  - 


10*09 

18*78 

14*91 

16*07 

11*00 

18-96 

U*68 

1 
18-47 

8*87 
26*C4 

8*66 
26*64 

8*75 
27*61 

4-48  1 
28*21 

8*88 
27*86 

4*14 
87*12 

5*08 
28*21 

4*88 

18*M 

01*85 

48*89 

45*88 

42*20 

60*95 

48*17 

42-SS 

46*18 

7-76 

7*58 

8*40 

9*09 

6*81 

7*62 

8-61 

8*61 

100*00 

10000 

100*00 

100*00 

100*00 

100*00 

100*00 

108*80 

15* 


The  first  point  to  remark  is^  that  as  the  proportion  of  dxy  Or 
solid  substance  was  much  lower  in  the  earlier  cut  and  less  matared 
sewaged  grass  than  in  the  later  cut  unsewaged  grass^  the  dif- 
ference in  the  relative  amount  of  the  produce  per  acre  on  the 
respective  plots  was  in  reality  not  so  great  at  the  actual  dates  of 
cutting  as  the  amounts  of  fresh  or  green  grass  recorded  in  the 
Table  would  indicate.  The  lower  per-centages  of  dry  substance 
in  the  sewaged  grass  indicate  indeed  a  less  degree  of  maturity 
or  ripeness  at  the  time  of  cutting ;  and  with  these  characters  a 
higher  per-centage  of  nitrogenous  substance  in  the  solid  matter 
of  the  gi'ass  would  be  expected.  But  the  differences  in  the  per- 
centage of  nitrogenous  substance  which  the  Table  shows  are 
greater  than  can  be  accounted  for  by  the  earlier  or  later  cuttings 
and  consequent  less  or  greater  degree  of  ripeness. 

The  solid  matter  o?  the  unsewaged  produce  of  the  one  field 
contained  10,  and  of  the  other  1 1  per  cent,  of  nitrogenous  sub- 
stance ;  whilst  in  that  of  the  produce  from  the  previously  sewaged 
plots  it  ranged  from  about  13  to  about  16  per  cent^  and  was, 
with  one  exception,  the  higher  the  greater  the  quantity  of  sewage 
previously  applied 

It  has  been  shown  in  Section  YIII.  that  the  proportion  of 
nitrogenous  substance  in  the  solid  matter  of  the  grass  was  much. 
incr^sed  under  the  influence  of  sewage^  and  the  results  here 
recorded,  taken  together  with  those  relating  to  the  amounts  q€ 
produce  per  acre,  clearly  show  a  considerable  effect  from  the  nn--' 
exbaustea  residue  from  the  previous  sevT8ugb  triaiTixiTOi^^  ^^ea  in  sa 
extremefy  un/hyourable  a  season  *,  and  \t  ^h! ouVd  ^^stoG^km  \mk^« 


been  much  greater  under  more  favourable  circumstances,  and  will 
probably  be  manifest  for  some  time  to  come. 

Although  the  amount  and  the  composition  of  the  grass  obtained 
in   1864  have  clearly  shown  the  effect  of  the  previous  sewage 
nianuringy  the  only  partial  investigation  to  which  the  soils  have 
^en  submitted  does  not  further  illustrate  the  point.     Calculation 
mouldy  indeed,  seem  to  indicate  that  there  had  been  considerable 
accumulation 9  at  a  greater  or  less  depth  within  the  soil,  of  some 
^f  the  most  important  manurial  constituents  of  sewage  where  the 
f^^Y  quantities  had  been  applied,  but  it  was  not  thought  de- 
^^J^able  to  incur  either  the  necessary  delay  or  the  increased  expen- 
diture which  a  sufficiently  detailed  investigation  of  the  subject 
^ould  involve. 

^lie  results  obtained  are,  however,  of  considerable  interest  a^ 
sho^^jQg  a  very  great  difference  in  the  character  and  composition 
^^  tKe  soils  of  the  two  fields,  which  to  a  great  extent  explains 
^^  marked  difference  in  the  amount  of  produce  which  they 
^^^ectively  yielded  without  sewage. 

^  A^ppendix  Table  XLIII.  p.  196,  shows  the  great  difference  in 
^^  general  character,  and  Table  XLIV.  p.  197,  in  the  chemical 
^^tupodtion  in  some  important  respects,  between  the  two  soils. 
1^    It  will  be  recollected  that  the  unsewaged  portion  of  the  ten-acre 
^M  each  year  yielded  much  more  produce  than  that  of  the  five- 
^^^e  field.     The  former  was  known  to  have  a  heavier  soil,  and  a 
^^^re  sunny  aspect ;  but  these  differences  were  not  recognised  as 
^^y  accounting  for  the  great  difference  in  the  natural  productive- 
ness.   The  results  of  the  partial  mechanical  and  chemical  analysis 
^^ow,  however,  that,  within  a  layer  of  9  inches,  taken  immediately 
^^ow  as  thin  a  sod  as  could  be  first  removed,  the  lighter,  gravelly^ 
^nd  naturally  less  productive  soil  of  the  five-acre  field  contained  an 
Average  of  nearly  20  per  cent  of  stones,  whilst  similar  layers  from 
Xhe  ten-acre  field  did  not  on  the  average  contain  half  as  much. 
-Again^  the  separated  fine  mould  from  the  soil  of  the  five-acre  field 
Xvas  sandy,  contained   about  15  per  cent,  of  moistu]*e,  between 
5  and  6  per  cent,  of  organic  matter,  and  scarcely  one  fifth  per 
^ent.  of  nitrogen,  whilst  that  of   the  more  productive  ten-acre 
field  was  loamy,  containing  a  good  deal  of  clay,  about  one  fourth 
more  moisture,  more  than  one  half  more  organic  matter,  and 
about  one  third  more  ammonia,  or  nitrogen  in  some  other  form. 
Or,  comparing  the  composition  of  the  total  fresh  soils,  including 
stones,  instead  of  that  of  the  separated  fine  moulds,  the  differences 
are  in  a  still  greater  degree  in  favour  of  the  soil  of  the  ten-acre 
field,  so  far  as  the  indications  of  natural  fertility  are  concerned. 

It  is,  however,  very  satisfactory  to  know,  diat  the  soil  of  the 
much  less  naturally  fertile  five-acre  field  gave  fully  as  much  pro- 
duce per  acre  under  the  influence  of  libend  dressings  of  sewage, 
as  Uiat  of  the  naturally  much  more  productive  ten-acre  field. 
This  result  is  quite  confirmatory  of  the  general  opinion,  founded 
on  the  results  of  practical  experience,  that  light,  and  even  natu- 
rally poor  and  unproductive  soils,  are  capable  of  yielding  very 
laige  crops  of  grass  under  the  influence  of  sewage,  and  that  they 
are,  in  ftcty  the  best  Bmted  for  its  appucauon* 
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XIII.  Concluding  Observations;  general  Considerations  on  the 
Agricultural  Utilisation  of  Town  Sewage. 

There  cannot  be  a  doubt  that  to  obtain  a  maximum  amount  ani 
gross  Talue  of  produce  from  a  given  amount  of  sewage  it  should  b 
applied  in  email  quantities  per  acre^  and  in  dry  weather.  But  i 
is  clear  that  the  maximum  value  per  ton  of  sewage  which  woul< 
be  obtainable  under  such  conditions  would  be  available  only  fo 
short  periods  of  the  year;  and^  it  is  equally  certain,  that  th 
constant  daily  supply,  the  year  round,  would,  at  all  other  timei 
have  to  be  disposed  of  at  a  very  different  rate,  thus  reducing  th 
average  value  very  considerably.  It  is  obvious,  indeed,  that  evei 
^Tnpposing  sewage  were  distributed  over  a  sufficiently  large  are 
to  command  its  full  value,  both  ns  manure  and  as  water,  at  th 
best  periods  of  the  year,  the  much  larger  remainder  must  eithe 
be  sacrificed,  or  at  the  best  used  for  grass  at  periods  when  it 
value  even  for  that  crop  must  be  very  much  reduced. 

Even  assuming  that  during  any  considerable  portions  of  eacl 
year  the  Metropolitan  sewage  would  be  worth  to  the  fiurmer  2c 

Ser  ton  distributed  over  his  arable  land,  there  can  still  be  n 
oubt  that  the  average  value  the  year  round  would  be  reduced  t 
considerably  below  Id.  by  the  use  of  the  remainder  in  large  quas 
tities  to  grass  at  the  less  favourable  periods  of  the  season. 

Adoptmg  the  favourable  supposition  that  as  high  an  avenge  a 
500  tons  of  sewage  per  acre  could  be  utilised  on  arable  land,  am 
that  as  low  an  average  as  5,000  tons  per  acre  were  found  sufficien 
for  ItaUan  rye  and  meadow  grass,  the  important  practical  ques 
tions  arise — would  the  increased  productiveness,  and  increase 
gross  money  return  per  ton,  in  the  former  case,  justify  the  extr 
cost  of  distribution  over  a  ten-fold  area,  and  to  a  great  extent  b; 
pipes  and  hose  and  jet  instead  of  by  open  runs? — or,  havin; 
regard,  not  to  the  greatest  amount  of  produce  and  of  gross  mone; 
return,  but  to  the  greatest  profit,  per  ton  of  sewage,  would  it  no 
be  far  more  remunerative  to  limit  the  area,  and  cost  of  distributioE 
At  a  certain  sacrifice  of  the  productiveness  of  the  sewage  ? 

The  probability  is,  however,  that  the  difference  of  area  requires 
under  the  two  systems  would  be  greater  than  that  here  assumei 
for  the  purpose  of  illustration ;  and  then,  of  course,  the  difierenc 
in  the  cost  of  distribution  of  a  given  amount  of  sewage  would  b* 
still  further  increased.  In  fact,  to  utilise  the  constituents  of  thi 
Metropolitan  sewage  over  an  area  at  all  corresponding  to  the  rat< 
per  acre  of  the  smaller  and  more  productive  application  to  oats  a 
Rugby,  it  would  require  more  nearly  a  twenty-fold  than  a  ten-fol< 
area  as  compared  with  that  of  such  an  application  to  grass  land  a 
above  supposed. 

The  great  dilution  of  the  Metropolitan  sewage,  indeed  of  towi 
sewage  generalljr,  its  large  daily  supply  at  all  seasons,  and  it 
ffreater  amount  in  wet  weather  when  the  land  can  least  bear,,o 
least  requires,  more  water,  render  it  extremely  inappropriat'O  fo: 
application  on  a  comprehensive  scale  to  arable  land  for  the  growtl 
of  corn^  and  other  ordinary  rotation  crops.  But,  apart  from  thest 
diWcuJties,  if  it  can  only  be  distributed  in  «mfii\  q]a«iidtiea  ovei 
A^pe  nreaaat  audb  a  cost  to  the  farmer  wYiaa  aa  7e\.\>^Ti  ^^ 


I5  it  18  indeed  Tain  to  hope  that  any  large  proportion  of  the 
^^^^iirial  constituents  derived  from  the  consumption  of  human 
f'^^^d  in  our  towns,  can  be  distributed  over  the  area  from  which 
™^  came. 

^  A  modified  proposition  is,  to  make  arrangements  for  delivering 

*^  sewage  over  a  large  area,  and  to  all  crops,  so  as  to  obtain  a 

^^^  price  per  ton  for  so  much  as  can  be  applied  under  the  most 

*^^0unible  conditions  of  the  land,  the  crop,  and  the  season,  having 

^  reserve  a  sufficient  tract  of  grass  land  to  purify  and  utilise  the 

*^lo8  not  so  available.     But  this  surplus  would  be  very  large, 

M  the  largest  at  those  periods  of  the  year  when  of  the  least  value 

even  for  grass  land,  so  that  the  gross  value  per  ton  of  sewage  the 

J^ear  round  would  be  very  much  reduced. 

Having  r^ard  to  the  cost  of  distribution,  it  is  probable  that  a 
iDttch  more  profitable  mode  of  utilisation  would  be,  to  limit  the 
area  by  specially  adapting  the  arrangements  for  the  application  of 
it  any  rate  the  greater  part,  if  not  the  whole,  to  permanent  or 
other  grasses,  laid  down  to  tsike  it  the  year  round,  trusting  to  the 
occasional  use  to  other  crops  within  easy  reach  of  the  area  so 
commanded,  but  relying  mainly  on  the  periodically  broken  up 
rye-grass  land,  and  on  the  application  to  arable  land  of  the  solid 
utanure  resulting  from  the  consumption  of  the  sewaged  grass, 
fior  obtaining  other  produce  than  milk  and  meat  by  means  of 
sewage. 

The  question  arises — ^how  much  land  would  be  requisite  for 
die  purincation  and  utilisation  of  the  sewage  of  a  given  population 
on  such  a  plan  ? 

Putting  out  of  view,  for  the  moment,  the  sanitary  consideration 
of  the  sufficient  purification  of  the  sewage,  and  the  economical 
one  of  the  manurial  value  of  its  constituents,  and  looking  merely 
to  obtaining  the  largest  possible  amount  of  green  produce  from  a 
^ven  area  of  land,  there  is  scarcely  any  limit  to  the  amount  of 
sewage  that  might  be  employed,  even  up  to  40,000  or  50,000  tons 
per  acre  per  annum.  But,  so  far  as  existing  experience  furnishes 
data  for  a  judgment  on  the  point,  it  may  be  concluded  that  the 
use  of  about  5,000  tons  per  acre,  judiciously  applied  to  grass  land 
propeiiy  lud  down  to  receive  it,  would,  in  a  great  majority  ot 
oases,  secure  the  most  profitable  utilisation.  Where,  however,  the 
drainage  from  the  sewaged  land  must  be  turned  into  a  river,  other 
(Considerations  than  those  relating  only  to  the  most  profitable 
utilisation  at  once  arise.  Such  an  application  as  is  here  supposed 
would  doubtless  ensure  a  sufficient  purification  of  the  water  to 
admit  of  its  being  turned  into  rivers  without  fear  of  detriment 
to  fish;  whilst,  any  streams  receiving  such  drainage  instead  of 
that  direct  from  the  towns  would,  at  any  rate,  be  vastly  improved 
from  their  previous  condition  as  a  water  supply  for  other  towns ; 
but,  whether  or  not,  when  this  most  important  point  has  to 
be  taken  into  consideration,  the  purification  would  be  sufficient 
with  an  application  of  as  much  as  5,000  tons  per  acre  per  annum, 
is  a  question  which  requires  the  aid  of  further  experience,  and 
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furtlicr  investigation,   to   answer  satisfactorily,  and  which  may, 
indeed,  receive  a  different  answer  in  different  cases. 

Assuming  that  the  excretal  matters  of  each  individual  of  th<e 
Metropolitan  area  are,  or  will  be,  on  the  average,  diluted  with  100 
tons  of  water  per  annum,  including  water  supply,  rainfall,  and 
subsoil  water,  5,000  tons  of  sewage  would  be  contributed  by 
fifty  individuals  in  a  year,  and  at  this  rate,  a  population  of 
3,000,000  would  require,  for  the  purification  and  utilisation  of  its 
sewage,  an  area  of  about  60,000  acres  annually  under  irrigation. 
So  far  as  Italian  rye  grass  were  grown,  it  might  be  estimated  that 
the  land  devoted  to  it  would  one  year  in  three  be  broken  up,  and 
some  other  crop  be  grown  upon  it,  and  to  a  corresponding  extent 
the  area  laid  down  for  irrigation  would  require  to  be  extended 
beyond  the  60,000  acres  supposed.  Then  again,  it  is  obvious  that 
the  manure  produced  by  the  consumption  of  the  sewa^ed  grass 
must  either  be  re-distributed  by  means  of  water,  in  which  case 
the  area  under  actual  irrigation  would  be  again  increased,  or,  if 
collected  and  used  in  the  solid  form,  it  would  be  appropriate  for 
application  to  arable  land,  and  so  to  the  growth  of  coi-n  and  other 
products ;  and  it  is  obvious  that  for  the  most  profitable  utilisation 
in  this  way  of  the  manure  derived  from  the  consumption  of  the 
sewaged  grass,  such  arable  land  would  require  to  be  either  within 
the  area  laid  down  for  irrigation,  or  so  near  its  limits  as  to  reduce 
the  cost  of  carriage  as  far  as  possible. 

The  experiment  with  oats  above  referred  to,  and  that  with 
wheat  made  by  the  Chairman  of  the  Commission,  the  Earl  of 
Essex,  the  results  of  which  his  lordship  gave  in  his  evidence  before 
the  Sewage  Committee  of  1862,  are  the  only  cases  in  which  exact 
quantitative  results  have  been  recorded  of  the  effects  of  sewage 
applied  to  com  crops. 

In  the  case  of  the  experiment  of  the  Earl  of  Essex,  nothing  is 
known  of  the  strength  of  the  sewage,  and  nothing  is  recorded  of 
the  characters  of  the  season. 

In  the  case  of  those  with  oats  at  Rugby,  as  already  observed, 
the  sewage  was  stronger  than  the  average  of  that  of  Rugby, 
and  much  stronger  than  the  average  of  that  of  the  Metropolis, 
the  weather  was  unusually  dry  at  the  time  of  the  application,  and 
the  season  was  upon  the  whole  one  of  very  extraordinary  produc* 
tiveness,  and,  under  these  conditions,  a  very  high  gross  return  was 
obtained  for  a  given  amount  of  sewage.  Judging  from  the  results 
of  the  Earl  of  Essex,  it  is  probable  that  the  circumstances,  both  as 
to  the  strength  of  the  sewage  and  character  of  the  season,  were  i 
his  case  also  unusally  favourable. 

At  any  rate,  these  isolated  results,  the  one  obtained  nndeitfr 
conditions  known  to  be  far  above  an  average  character,  and  th 
other  under  entirely  unknown   conditions,  are  obviously  qoit» 
inappropriate  as  the  basis   for  general  conclusions    as   to  tii 
probable  average  results  obtainable  on  the  application  of  se 
to  AzvibJe  land  for  com  and  other  rotation  crops. 
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^^"^    18,  indeed,  desirable  that  systematic  trials  should  be  made 

^^^Vx  different  com  and  other  rotation  crops,  through  several  con« 

^T^Utive  seasons,  and  that  the  results  should  be  accurately  recorded 

*^^  the  guidance  of  the  public 

«  Although  there  is  still  wanting  evidence  of  an  exact  and  quan- 

^^^ve  kind  upon  which  to  found  estimates  of  the  probable  average 

^^^ts  obtainable  over  various  seasons,  on  the  application  of  given 

^xuintities  of  sewage,  of  known  strength,  to  corn  and  other  rotation 

^p8,  yet  evidence  of  common  experience  as  to  the  applicability^ 

^  a  practical  or  economical  point  of  view,  of  sewage  to  such  crops, 

ifl  by  no   means  wanting.     The  most  extensive   and  systematic 

trials  have  been  made  at  Kugby,  Watford,  and  Alnwick. 

At  Ru^by,  the  sewage  from  a  population  of  between  6,000  and 
7,000  individuals  is  collected  in  a  receiving  tank,  from  which  it  is 
pumped  by  a  12-horse  power  engine  through  iron  pipes  which  are 
kid  down  for  the  distribution  over  470  acres  of  mixed  grass  and 
arable  land*  These  arrangements  have  been  in  existence  for 
abont  11  years.  About  190  acres  of  the  land  bo  piped  have,  from 
the  commencement,  been  held  by  J.  A.  Campbell,  Esquire.  But 
he  has  gradually  limited  the  area  of  application,  until,  during  the 
last  few  years,  he  has  abandoned  the  use  of  the  hose  and  jet, 
excepting  occasionally  on  a  small  scale,  and  confined  the  applica- 
tion almost  exclusively  to  from  12  to  20  acres  of  meadow  and 
Italian  rye  grass.  The  greater  part  of  the  remainder  of  the  470 
acres  was,  for  some  time  previous  to  1861,  held  by  Mr.  Berry 
Ck>ngreve,  who, after  trying  sewage  on  arable  as  well  as  grassland, 
was  glad  to  give  up  his  holding,  after  having  sustained  considerable 
loss.  The  present  tenant  of  the  sewage  works,  and  of  the  land 
formerly  held  by  Mr.  Congreve,  is  Mr.  Bicknell  MuUIns,  who 
entered  into  the  occupation  in  1861,  and  although  he  had  between 
250  and  300  acres  laid  down  for  the  application  of  sewage  to 
crops  generally,  and  by  hose  and  jet,  he  in  practice  confines  it  to 
about  100  acres  of  grass  land,  and  applies  it  almost  entirely  by 
open  runs.* 

The  result  at  Bugby  is,  then,  that  after  about  eleven  years  of 
practical  experience,  with  arrangements  adapted  for  the  application 
of  sewage  to  arable  land,  and  to  all  crops,  its  use  to  any  other 
crops  than  meadow  and  Italian  rye  grass  forms  no  part  of  the 
general  system  adopted,  and  is,  in  fact,  entirely  exceptional. 

In  the  neighbourhood  of  Watford,  the  Earl  of  Essex  laid  down 
pipes  for  the  application  of  the  sewage  of  the  town  by  hose  and 
jet  to  about  210  acres  of  mixed  arable  and  grass  land.  The 
result  which  his  lordship  obtained  on  the  application  of  only  134 
tons  of  sewage  to  an  acre  of  wheat  has  frequently  been  held  to 
be  conclusive  proof  of  its  applicability  in  small  quantities,  over 
large  areas,  and  to  all  crops.  But,  in  the  evidence  given  by  his 
loroship  before  the  Sewage  Committee  of  1862,  he  stated,  very 

*  Sinee  tlie  aboTe  wu  in  type  Mr.  Mullins  has  informed  ns  that  daring  the  dry 

«wage  to  about  fonr  acres  of  roots»  and  apporently  with 


of  1864  he  applied  sewage 
food  reaiilts. 
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emphatically,  that  his  great  error  had  been  the  piping  of  too 
much  land ;  that  the  sewage  of  Watfcrd,  derived  from  a  popa-^ 
lation  of  about  4,000,  was  not  sufficient  for  more  than  about  60 
or  70  acres ;  that  he  required  5,000  tons  per  acre  for  10  acres  of 
rye-grass ;  and  that  applying  the  remainder  to  35  acres  of  meadow, 
be  really  had  none  to  spare  for  wheat.  It  should  be  added,  that, 
since  the  date  of  this  evidence,  the  area  of  application  has  been 
still  further  contracted. 

In  other  words,  the  result  at  Watford  is,  that  although  the 
abandonment  of  one  acre  of  rye-grass  would  set  free  sewage 
enough  for  nearly  40  acres  of  wheat,  if  only  applied  at  the  rate 
which  yielded  the  large  profit  which  has  been  so  frequently 
quoted,  yet  his  lordship's  practical  experience  has  led  him  to 
prefer  the  application  to  the  one  acre  of  rye-grass,  rather  than  to 
the  nearly  40  acres  of  wheat 

In  the  neighbourhood  of  Alnwick,  the  Duke  of  Northumberland, 
some  years  ago,  put  down  machinery  and  piping  for  the  distribu- 
tion of  the  sewage  of  from  6,000  to  7,000  individuals,  over  about 
270  acres  of  mixed  arable  and  grass  land.  It  was  applied  in  small 
quantities  to  various  rotation  crops,  and  in  larger  quantities  to 
grass ;  but  after  a  very  short  time  the  tenants  who  had  the  free 
use  of  the  sewage  for  the  cost  of  its  application,  entirely  abandoned 
it;  ami  the  Bailiff  of  the  district,  who  reports  the  failure,  expresses 
his  opinion  strongly  against  the  applicability  of  sewage  to  arable 
land.  The  failure  at  Alnwick  has  been  attributed  by  those 
connected  with  the  undertaking,  to  the  great  dilution  of  the 
sewage ;  and  the  analyses  recorded  of  it  would  indicate  a  compo- 
sition even  much  below  that  of  the  probable  average  of  the 
Metropolitan  sewage.  But  Mr.  Rawlineon,  who  directed  the 
sewerage  arrangements  at  Alnwick,  states,  that  not  only  are 
water-closets  universal,  but  that  the  supply  of  water  from  all 
sources  is  certainly  very  much  lower  per  head  of  the  population 
contributing  to  the  sewage  there  than  in  the  case  of  the  Metro- 
polis ;  and  it  is  obvious  that,  if  this  be  the  case,  the  average 
sewage  must  be  in  a  corresponding  degree  the  stronger. 

At  Edinburgh  sewage  has  been  applied  to  some  portions  of 
grass  land  for  about  200  years,  to  a  considerable  portion  for  more 
than  60,  and  to  most  of  the  land  now  under  irrigation,  amounting 
to  about  395  acres,  for  more  than  30  years.  It  is  there  that 
larger  amounts  of  sewage  are  applied  per  acre  than  anvwhere 
else^  and  it  is  there  that  larger  amounts  of  produce  are  obtained! 
per  acre  than  anywhere  else.  There  is,  however,  no  doubt, 
that  at  Edinburgh  there  is  not  only  great  waste  of  manurial 
constituents,  but  very  imperfect  purification  of  the  sewage.  The 
distribution  is  entirely  by  means  of  open  runs.  In  two  instances 
arrangements  have  been  made  for  raising  the  sewage,  by  pumping, 
an  ineonsiderable  number  of  feet;  but  it  has  been  found  that 
the  cost  has  been  too  great  to  allow  a  sufficient  quantity  to  be 
Mj^ied  per  aore^  and  hence  the  application  in  this  way  has  been 
much  limited,  if  not  on  some  portioua  o{  Cb^  \ucA  «ii>ax^^  iSutti? 
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donecL    The  application  to  ordinary  rotation  crops,  on  arable  land, 
forms  no  part  of  the  system  adopted  at  Edinburgh.* 

Next  to  Edinburgh,  the  attempt  to  utilize  sewage  on  a  large 
dcale  which  has  been  the  most  succesful  so  far  as  the  amount  of 
produce  obtained  per  acre  is  concerned,  is  that  of  Mr.  Marriage 
in  the  neighbourhood  of  Croydon,  where  about  250  acres  of 
meadow  and  Italian  rye  grass  annually  receive  an  amount  of 
aewage  which  averages  rather  more  than  6,000  tons,  and  represents 
the  excretal  matters  of  between  60  and  70  persons  per  acre  per 
annum.  As,  however,  the  fluid  is  always  passed  over  several 
portions  of  land  in  succession,  by  which  means  a  considerable 
portion  is  used  on  an  average  about  2^  times  over,  it  results  that 
each  acre  receives  annually  6,000x2*5  =  1,5000  tons  of  fluid — 
less  the  amount  which  evaporates  or  passes  off  below  the  drains 
which  collect  and  carry  it  oiF  from  one  portion  to  be  utilised  on 
another.  An  enlargement  of  the  area  is,  indeed,  contemplated, 
which,  notwithstanding  the  rapid  increase  of  the  population  of 
the  neighbourhood,  will,  if  carried  out  as  proposed,  somewhat 
reduce  the  amount  of  fluid  and  of  excretal  matters  available  per 
acre  below  the  quantities  above  stated.  Mr.  Marriage  hns  not  yet 
applied  sewiige  in  any  systematic  manner  to  arable  land ;  but  he 
was  intending  to  try  its  effects  upon  root-crops  during  the  past 
season  (1864).  t 

In  attempting  to  estimate  by  the  aid  of  the  evidence  afforded 
by  these  various  trials  on  a  large  scale,  carried  out  by  practical 
men  with  a  view  to  profit,  the  value  to  the  farmer  of  a  ton  of  town 
sewage,  we  may,  on  account  of  the  conditions  above  stated,  exclude 
the  Edinburgh  results  from  our  consideration. 

At  Croydon,  again,  the  undertaking  is  of  too  recent  establish- 
ment,  the  results  have  been  obtained  over  too  few  seasons,  and  the 
present  contract  was  made,  on  either  side,  under  such  disadvan- 
tages or  uncertainty,  that  the  experience  there  does  not  provide 
the  adequate  data  for  such  an  estimate.  It  may  be  observed, 
however,  that  after  deducting  Ji^A  rental  from  the  estimated  gross 
value  of  the  produce  per  acre  at  present  prices,  the  gross  return 
is,  so  far  as  can  be  calculated,  with  Italian  rye  grass  from  |rf.  to 
liLf  and  with  meadow  grass  from  ^d.  to  ^d.  for  each  ton  of  sewage 
employed.  But  there  can  be  little  doubt,  that  if  the  supply  of 
such  produce  were  very  greatly  increased,  the  present  market 
price  would  not  be  maintained. 

At  Kugby,  where  for  about  eleven  years  arrangements  have 
been  made  for  the  distribution  of  small  quantities  of  sewage  over 
a  large  area,  and  to  all  crops,  and  where  the  sewage  is  much 
stronger  than  that  of  the  Metropolis,  the  cost  to  the  tenants 
averages  about  }</.  per  ton  delivered  at  the  hydrants  in  the 
fielda  Yet,  both  the  present  tenants  have  been  glad,  rather  than 
incur  the  loss  of  using  the  sewage  themselves  at  that  cost,  to  get 
rid  of  it  for  the  purposes  of  these  experiments,  at  rates  which, 

*  FiMT  farfher  ptrticnlan  reUdng  to  the  Edinborgli  sewage  meadows,  see  Ap-; 
paidls.VaS.  p.  l98,eCieq. 
f.  For  fbrtbcr  dgtaik  rdsting  to  Cn^doo, jee  Appendix  ^o.  ^.  ^.  ^^  ^  w\. 


though  three  times  sis  high  during  the  six  summer  as  during  the 
six  winter  months^  have  averaged  the  year  round  scarcelj,  but 
venr  nearly.  Id.  per  ton  at  the  hydrants. 

Lastly  on  this  point,  in  his  evidence  before  tlie  Sewage  Com- 
mittee of  1862,  the  Earl  of  Essex  stated,  as  the  result  of  his  ex- 
perience, which  it  will  be  remembered  included  the  very  fieiyour- 
able  result  with  wheat,  that  in  his  opinion  sewage  would  not  be 
profitable  to  the  farmer  unless  he  could  have  it  at  from  ^.  to  fdL 
per  ton« 

The  experiments  at  Bugby  to  which  tliis  Report  refers,  having 
been  conducted  on  feeding  meadow  land  of  more  than  average 
quality,  the  produce  without  sewage  was  doubtless  considerably 
more  than  would  be  obtained  from  the  average  of  such  land  as 
is  likely  to  be  devoted  to  the  growth  of  grass  by  means  of  sewage 
on  the  large  scale.  For  this  reason,  and  also  on  account  of  the 
less  perfect  purification  and  utilisation  of  the  sewage  than  would 
be  attained  where  a  large  tract  were  so  laid  down  as  to  allow  of 
the  passage  of  the  fiuid  from  one  plot  over  a  second,  and  so  on, 
until  it  were  properly  exhausted,  the  amounts,  and  value,  of  the 
increase  estimated  according  to  the  actual  results  of  the  experi- 
ments as  due  to  the  application  of  given  quantities  of  sewage,  are 
probably  below  those  which  would  be  attainable  under  good 
management  in  actual  practice  on  the  large  scale. 

Reviewing  the  whole  of  the  results,  both  of  the  experiments 
and  of  the  experience  of  common  practice  on  the  subject  hitherto, 
with  due  regard  to  the  circumstances  under  which  they  were  ob- 
tained, and  having  regard  also  to  both  urban  and  rural  interests, 
it  is  considered  that  an  application  of  about  5,000  tons  of  sewage 
per  acre  per  annum,  to  meadow  or  Italian  rye  grass,  will,  in  a 
great  majority  of  cases,  prove  to  be  the  most  profitable  mode  of 
utilisation.  It  is  at  the  same  time  considered  pretty  certain  that 
the  farmer  would  not  pay  |rf.,  and  even  very  doubtful  whether  he 
could  afford  to  pay  ^d.  per  ton,  the  year  round,  for  sewage  of  the 
average  strength  of  that  of  the  Metropolis  (excluding  storm  water) 
delivered  on  his  land. 

Summary. 

The  results  of  the  whole  inquiry  may  be  briefly  enumerated  as 
follows : — 

1.  As  there  is  a  daily  supply  of  sewage  the  year  round,  which, 
on  sanitary  and  engineering  grounds,  it  is  essential  to  dispose  of  as 
soon  as  it  is  produced,  and  as  passing  it  over  land  is  tlie  best 
mode  both  of  purifying  and  utilising  it,  it  should  be  employed 
for  purposes  of  irrigation,  and  be  applied  in  winter,  when  of 
comparatively  little  value,  as  well  as  in  summer,  when  of  more. 

Results  obtained  on  the  Application  of  Sewage  to  Meadow  and 

Italian  Rye  Gnus. 

2.  By  the  application  of  sewage  to  grass  land  during  the  winter 
jDonths  a  very  early  cut  or  bite  of  green  food  may  be  obtained, 

Imt  the  amount  of  increased  produce  due  to  l3(k^  "moL^et  %.^^\W«r 
tjoa  is  oowparaiiTely  small  for  the  wnouiit  ot  BfeHf^L^^  wi^^l^^ 
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3.  By  meaiiB  of  sewage  irrigation  the  period  during  which  an 
al>iuidaiice  of  green  food  was  available  was  extended  considerably 
ct  the  end  as  well  as  at  the  beginning  of  the  season,  and  the  mere 
8o  the  larger  the  quantity  of  sewage  applied,  almost  up  to  the 
higheet  amount  employed — namely,  9,000  tons  per  acre. 

4.  One  of  the  experimental  fields  gave  much  less  produce  per 
a.Gre  without  sewage  than  the  other,  and  analysis  showed  its  soil  to 

much  less  naturally  fertile ;  but  it  gave  fully  as  much  produce 
^  acre  under  the  influence  of  liberal  dressings  of  sewage  as  the 
^^Atorally  much  more  fertile  soil. 

5.  Taking  the  average  over  three  years,  and  in  the  two  fields, 
uie  amount  of  produce  obtained  without  sewage  was  about  9^  tons, 
o^  green  grass  per  acre  per  annum,  equal  about  3  tons  of  hay ; 
^^d  with  3,000,  6,000,  and  9,000  tons  of  sewage  per  acre  per 
^*miim  the  amounts  were,  respectively,  about  22^,  30^,  and  32^ 
*^*^  of  green  grass — equal  respectively  (reckoned  according  to  the 
P^ix^entage  of  dry  substance  in  each)  about  5,  5^,  and  6^  tons  of 

•     6*  The  largest  quantities  of  produce  per  acre  were  obtiuned 
^^  the  third  year  of  the    experiments,  and  with   9,000  tons  of 


^«   The  average  increase  obtained  for  each  1,000  tons  of  sewage 

^  ^^-— when  3,000  tons  per  acre  per  annum  were  applied,  about 

ojj^ns  of  green  grass;   when  6,000  tons  were  applied,  4  tons 

^^Wts. ;  and  when  9,000  tons  were  applied,  3  tons  3^  cwts.  of 

^  ^«    The  amount  of  produce  per  acre  was  the  greater  the  greater 

^^  ^  Quantity  of  sewage  applied,  up  to  9,000  tons  per  acre ;  but 

^^  Ujnount  of  increase  of  produce  obtained  for  a  given  amount  of 

^^  was  the  less  where  the  greater  amounts  were  applied. 

_    ^«    Experiments  with  rye  grass  were  made  in  one  season  only^ 

st^^^^'^ge  was  not  applied  until  the  end  of  April,  and  comparatively 

11^^,^^^^  quantities  were  put  on.     The  results  so  obtiuned  indicated 

^   about  the  same  amount  of  increase  of  produce  for  a  given 

^^^"tmt  of  sewage  as  with  meadow  grass. 

JResuUs  obtained  with  fattening  Oxen. 

O.  When  cut  and  given  to  fattening  oxen  tied  up  under  cover, 
'^  sewaged  than  unsewaged  grass,  reckoned  in  the  fresh  or 
a.     ^.T^A  state,  was  both  consumed  by  a  given  weight  of  animal  within 
l>  ^_^^^^^  time,  and  required  to  produce  a  given  weight  of  increiase ; 

of  real  dry  or  solid  substance,  less  of  that  of  the  sewaged 

of  the  unsewaged  grass  was  required  to  produce  a  given  eftect. 

^  1.  When  cut  grass  was  given  alone  the  result  was  very  un- 

^^^actory ;  but  when  oilcake  was  given  in  addition  the  amount 

~  Increase  upon  a  given  weight  of  animal  within  a  given  time, 

for  a  given  amount  of  dry  substance  of  food  consumed^  was 

^  short  of  the  average  result  obtained  n«Wu  ox^ti  ^^  ^^ 

^<*  cover  on  a  good  mixed  diet. 


12.  The  money  return,  whether  reckoned  per  acre  or  for  i 
given  amount  of  sewage,  was  much  less  with  fattening  oxen  thai 
with  milking  cows. 

Results  obtained  with  milking  Cows. 

13.  When  cows  were  fed  on  unse waged,  or  se waged  grass,  a 
much  as  they  chose  to  eat,  a  given  weight  of  the  animal  was  mor 
productive,  both  of  milk  and  increase,  but  especially  of  milk,  bi 
the  unsewnged  than  on  the  sewaged  grass. 

14.  From  a  given  weight  of  unsewaged  grass,  reckoned  in  th< 
fresh  or  green  state,  more  milk  was  produced  than  from  an  equa 
weight  of  fresh  sewaged  grass ;  but  a  given  weight  of  the  dry  o 
solid  substance  supplied  in  sewaged  grass  was  on  the  averagi 
more  productive  than  an  equal  weight  supplied  in  unsewagei 
grass. 

15.  The  milk  producing  quality  of  the  grass  was  very  differen 
in  different  seasons,  and  at  different  periods  of  the  same  season.  I 
was  very  inferior  in  the  wet  and  cold  season  of  1862,  and  toward 
the  close  of  the  seasons  as  compared  with  the  earlier  periods.  I 
appears  probable  that  Italian  rye  grass  deteriorates  less  toward 
the  end  of  a  season  than  meadow  grass.  On  the  average,  abou 
six  parts  by  weight  of  fresh  grass  yielded  one  part  by  weight  o 
milk. 

16.  By  the  aid  of  sewage,  the  time  that  an  acre  would  keep  i 
cow,  and  the  amount  of  milk  yielded  from  the  produce  of  an  acre 
were  increased  between  three  and  four-fold. 

17.  So  far  as  the  results  of  the  e^cperimcnts  afford  the  means  o 
judging,  it  is  estimated  that  with  an  application  of  about  5,000  ton 
of  sewage  per  acre  per  annum  to  meadow  land,  an  average  gros 
produce  of  not  less  than  1,000  gallons  of  milk  per  acre  per  annun 
may  be  expected. 

18.  In  experiments  conducted  with  Italian  rye  gr.oss  (but  ii 
one  season  only),  more  milk  was  obtained  by  the  use  of  a  givei 
amount  of  sewage  applied  to  it  than  to  meadow  grass. 

•  19.  With  an  application  of  about  5,000  tons  of  sewage  per  acr 
per  annum,  an  average  gross  return  of  from  30/.  to  35/.  per  acre 
in  milk  nt  8c/.  per  gallon,  may  be  anticipated. 

Composition  of  the  Rugby  Sewage* 

20.  The  mean  of  93  analyses,  of  as  many  samples,  of  thi 
Kughy  sewage,  collected  over  n  ])eriod  of  31  months,  shows  6i 
grams  of  ammonia,  and  87^  grains  of  total  solid  matter,  pe 
gallon ;  equal  to  207|  lbs.  of  ammonia,  and  2,803  lbs.  of  tota 
aolid  matter  per  1,000  tons.  Or,  taking  the  mean  of  the  averagi 
composition  fixed  by  the  analyses  for  each  of  the  31  months 
instead  of  the  direct  mean  of  the  total  93  analyses,  the  average 
contents  would  be  almost  exactly  7  erains  of  ammonia,  ani 
92^  grains  of  total  solid  matter  per  gallon ;  equal  to  224  Iba.  o: 
£  owts.  of  Ammonia,  and  2,960  ib&,  or  abont  26^  cwts.  of  tola 
solid  matter,  per  1,000  tons. 


#o 


21.  Although    each    sample    analysed    was    the   mixture    of 

portions  taken  every  two  or  three  hours  for  several  days  together, 

^ne  Taiiation  in  composition  at  difierent  times  was  very  great; 

the  ainoimt  of  ammonia  varying  in  the  different  mixed  samples 

mm  2^  to  about  15^  grains  per  gallon,  or  from  81^  to  500^  lbs. 

P^  i»000  tons,  whilst  the  total  solid  matter  varied  from  about 

^^i  to  about  270  grains  per  gallon,  or  from  1,203  to  8,637  lbs. 

per  1,000  tons. 

22.  1,000  tons  of  the  average  sewage  of  Kugby  represent  the 

ttcretal  and  other  matters  of  from  17  to  18  average  individuals 

^f  a  mixed  population  of  both  sexes  and  all  ages  for  a  year,  and 

<^ii tain  ammonia  equal  to  that  in  from  11  to  12  cwts.  of  Peruvian 

fiiUauo;    or,   about   1,700  tons   of  such   sewage  would   contain 

^^i^>gen  reckoned  as  ammonia  equal  to  that  in  1  ton  of  Peruvian 


J«  It  is  estimated  that  there  are  at  Bugby,  including  rainfall, 
^^^9  on  ^e  average  from  55  to  60  tons  of  sewage  per  head  of  the 
Papulation  per  annum« 

^4.  Judging  from    the    average  composition   of   the  Bugby 

f^^c^a^e,  and  of  various  crops,  it  is  concluded  that  potass  would 

7^    Odore  likely  than  phosphoric  acid  to  become  deficient  where 

^I^O.  sewage  was  applied  constantly  to  grass-land,  whilst  phos- 

l^^*Tic  acid  would  be  more  likely  to  become  deficient  than  potass 

*^  were  applied  to  the  ordinary  crops  of  rotation. 

Estimated  average  Composition  of  the  Metropolitan  Sewage. 

^  C  There  is  as  yet  no  record  of  the  analysis  of  any  samples  or 
^»  ^^*^J)le  of  sewage  collected  under  circumstances  fairly  to  represent 
^^^^     average  Metropolitan  sewage  either  with  or  without  rainfall 

^    subsoil  water. 
^x^  ^^  C  It  is  estimated  that  the  Metropolitan  sewage  amounts  on 
^      average  to  about  60  tons  without,  and  probably  to   about 
tons  with,  rainfall  and  subsoil  water,  per  head  of  the  popula- 
per  annum. 

7.  It  is  estimated  that,  including  human  excretal  and  other 
j^-fc— -  ters,  there  are  annually  contributed  to  the  Metropolitan  sewage 
y/^^^^t  12^  lbs.  of  ammonia  per  head  of  the  mixed  population  of 
^^^"^Ti  sexes  and  all  ages. 

«^  ^8.  Beckoned  according  to  the  currently  adopted  trade  prices 

.^    the  several  constituents,  taking  dry  and  portable  manures  as 

^^^  standard,  the  total  annual  value  of  the  mauurial  constituents 

^^^tributcd  to  the  sewage,  supposing  them  to  be  extracted  and 

^'*^cd,  would  amount  to  8*.  4rf.  per  head  of  the  population. 

29.  Accordingly,  in  the  dry  weather  sewage  of  the  Metropolis, 
^ekoned  at  60.  tons  per  head  per  annum,  there  will  be  about 
^i  grains  of  ammonia  per  gallon,  and  the  manurial  constituents 
ui  1  ton,  if  extracted  and  dried,  would  be  worth  about  l-fd  ;  and 
in  the  average  sewage  with  rainfall,  &c.,  reckoned  at  100  tons  per 
bead  per  annum^  there  will  be  scarcely  4  grains  of  ammonia  per 
gallon,  and  this  total  manurial  constituents  in  1  ton  will  have  an 
estinmted  valoe  of  IcK, 


t^o 
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30.  1,000  tons  of  the  average  Metropolitan  sewage  wlthou 
rainfall,  reckoned  at  60  tons  per  head  per  annum,  represent  th 
ezcretal  and  collateral  manunal  matters  from  nearly  17  averag* 
individuals,  and  contain  ammonia  equal  to  that  in  about  11  cwtc 
Peruvian  guano ;  and  1,000  tons  with  rainfall,  reckoned  a 
100  tons  per  head  per  annum,  represent  the  manurial  matter 
from  10  average  individuals,  and  contdn  ammonia  equal  to  tha 
in  about  6^  cwts.  Peruvian  guano.  In  other  words,  about  1,80< 
tons  of  the  average  Metropolitan  sewage  without,  and  about  3,00i 
tons  of  the  average  sewage  with  rainfall,  &c.,  would  contiun  nitrogei 
reckoned  as  ammonia  equal  to  that  in  1  ton  of  Peruvian  guano. 

31.  The  value  of  the  total  manurial  constituents  in  sewage 
reckoned  according  to  the  currently  adopted  trade  prices  of  th 
several  constituents,  taking  dry  and  portable  manures  as  th 
standard,  is  pretty  exactly  indicated  by  putting  a  value  of  6d.  o 
every  lb.  of  ammonia,  or  by  giving  a  value  of  one  farthing  per  to 
for  every  grain  of  ammonia  per  gallon  of  the  sewage.  But  thi 
theoretical  value,  according  to  composition  and  the  trade  prices  c 
the  constituents,  cannot,  of  course,  be  taken  as  directly  indicatin 
the  value  realized,  or  realizable,  by  the  agricultural  utilisation  i 
various  ways,  of  sewage  of  different  strengths. 

32.  It  is  very  desirable  that  as  soon  as  the  Main  Drainag 
system  is  sufficiently  advanced  and  in  practical  working,  con 
potent  persons  should  be  appointed  to  undertake  the  gauging 
sampling,  and  analysis,  of  the  Metropolitan  sewage,  in  sue 
manner  as  satisfactorily  to  determine  its  average  composition  i 
the  condition  in  which  it  will  have  to  be  dealt  with  in  any  pla 
of  utilisation. 

Composition  of  the  Drainage  Water  {Rugby). 

33.  Analyses  of  the  drainage  water  passing  from  the  ej 
perimentally  sewage-irrigated  land  at  Bugby  showed  that  thos 
constituents  which  are  of  the  most  value,  because  the  ma 
liable  to  become  relatively  exhausted,  had  been  the  most  efficient! 
retained  by  the  soil,  but  that  the  water  still  contained  a  coi 
siderable  amount  of  valuable  manurial  matters,  besides  a  larg 
quantity  of  other  substances  less  important  as  manure,  but  affiictin 
the  purity  of  the  water. 

34.  When  large  quantities  of  sewage  are  applied  to  grass  Ian 
the  arrangements  should  be  such  as  to  allow  of  the  water  betn 
used  more  than  once,  so  that  both  the  utilisation  and  the  purif 
cation  may  be  as  complete  as  possible. 

• 
Chemical  Composition  qftlie  Grass. 

35.  The  sewaged  meadow  grass,  as  cut  and  given  to  tl 
animals,  contained  a  less  proportion  of  dry  or  solid  substanc 
than  the  unsewaged ;  and  tne  grass  cut  during  the  later  portioi 
of  the  aeaaon  (both  unsewaged  and  sewa^)  contained  less  aoU 

matter  than  that  out  during  the  more  geniai  ^^tvo&a  ot  fgc^\9V\u. 


36.  Italian  rye  grassi  in  the  condition  aa  cut,  was  also  found 

to  l>e  more  succulent  and  to  contain  less  solid  matter  when  grown 

^nr^t.li  sewage  than  without  it ;  but  the  proportion  of  dry  substance 

diminishea  less  as  the  season  advanced  in  its  case  than  in  that  of 

tbe  meadow  grass. 

37.  The  proportion  of  nitrogenous  substance  (and  also  of 
pure  waxy  or  fatty  matter")  was  much  greater  in  the  solid 
Ltter  of  the  sewaged^  than  in  that  of  the  unsewaged  grass. 

proportion  of  nitrogenous  substance  was  also  much  higher 

the  solid  matter  of  the  grass  grown  towards  the  end  than 

'lier  in  the  season.     The  proportion  of  indigestible  woody  fibre 

much  about  the  same  in  the  dry  substance  of  the  unsewaged 

of  the  sewaged  grass.     It  progressively  diminished  as  the 

n  advanced,  and  was  generally  lower  m  the  dry  substance 

'fche  Italian  rye  than  in  that  of  the  meadow  grass. 

.  A  given  amount  of  the  dry  substance  of  grass  grown  in  a 
and  wet  season,  or  during  the  cold  and  wet  periods  of  the 
T|  generally  contains  more  nitrogenous  substance,  but  is  less 
X^^KTodnctive  than  that  of  grass  grown  in  more  genial  weather. 

^  39.  The  greater  productiveness  in   milk    and  increase  of  a 

^^v-en  amount  of  the  solid  matter  of  the  sewaged  grass  appears 

^  jdepend  more  on  a  favourable  condition  of  maturation,  digesti- 

^^litjr^and  asnmilability,  of  the  constituents,  than  on  the  actual 

I^^x'^centage    amount  of   any  of   those    determined,  and  above 

enxunerated. 

EffeeU  of  Sewage  on  the  mixed  Herbage  of  Grass  Land. 

^O.  The  effect  of  sewage  irrigation  on  the  mixed  herbage  of 
^'"'^^B  land  is  to  develop  the  Graminaceous  plants  chiefly,  nearly  to 
^^^lude  the  Leguminous,  and  to  reduce  the  prevalence  of  mis- 
^^'l^tieous  or  weedy  plants,  but  much  to  encourage  individual 


g^  **  1 .  Among  the  grasses  which  have  been  observed  to  be  the  most 

^^^^Ouragcd  by  sewage  are  (according  to  locality  or  other  circum- 

!r^;^C5es)  rough  meadow  grass,  couch  grass,  rough  cock's  foot,  woolly 

Ir^  ^  gnas,  and  perennial  rye  grass ;  two  or  three  only  remaining 

^        ^ny  connderable  proportion  after  sewage  has  been  liberally 

"X^lied  for  some  years. 

^j^  "^S.  The  produce  of  sewage  irrigated  meadows  being  generally 

^^2^^   or  grazed  very  young,  the  tendency  which  the  great  luxuriance 

g^^    ^  few  very  free  growing  grasses  has  to  give  a  coarse  and 

j^^^^^c^my  later  growth  is  not  an  objection  as  in  the  case  of  meadows 

,j^^    for  hay ;  a  ^ven  weight  of  the  dry  or  solid  substance  of  the 

1^.^^^^  dmple  sewaged  grass  being,  when  consumed  green,  more 

^,^^^^uctive  than  an  equal  weight  of  that  of  the  more  complex 

Swaged  herbage. 


"^ponif  um  of  the  Milk  from  the  unsetcaged  and  the  sewaged  Grass* 

^^  '^S.  Although  more  milk  was  obtained  from  a  given  weight  of 
tl)  ^   ^^  ^^  ^^  substance  of  sewaged  than  of  \mA&^%%^  ^easa^ 
^""^  WM  comparutively  UitU  difference  m  iba  com'^ASwsi  ^t 


richness  of  the  milk  from  the  two  kinds  of  grass*  That  from  the 
eewaged  grass  was,  however,  slightly  the  less  rich,  containing 
somewhat  less  of  casein,  butter,  sugar,  and  total  solid  matter 
(though  more  mineral  matter)  than  that  from  the  unsewaged* 

44.  When  oilcake  was  given  with  the  grass  ^whether  sewaged 
or  unsewaged)  the  richness  of  the  milk  was  notaoly  increased. 

Results  obtained  on  the  Application  of  Sewage  to  Oats. 

45.  In  an  experiment  with  oats  in  which  135^  tons  of  sewage 
were  applied  per  acre,  the  gross  value  of  the  increased  produce 
amounted  to  more  than  5d.  per  ton  of  the  sewage  employ^,  or  to 
about  three  times  the  market  value  of  the  constituents  of  the 
sewage,  supposing  them  to  have  been  extracted  and  dried ;  and  in 
another  experiment  in  which  510  tons  were  applied  per  acre,  the 
gross  value  of  the  increased  produce  amounted  to  about  li^c2L  per 
ton  of  the  sewage  employed. 

46.  In  the  experiment  with  the  smaller  quantity  of  sewage  the 
supply  of  water  was  equivalent  to  something  under  an  additional 
1-^  inch  of  rain  at  the  critical  period  of  growth,  and  in  that  with 
the  larger  amount  to  about  5*  inches,  which  proved  to  be  a  great 
excess  at  the  period  of  the  season  at  which  it  was  applied^  there 
being  an  over  production  of  straw,  and  the  crop  being  much  laid. 
Both  experiments  were  made  in  the  unusually  productive  season 
of  1863,  and  with  sewage  of  about  double  the  average  strength 
of  that  of  the  Metropolis,  which  was  applied  during  a  period  of 
very  dry  weather.     It  is  obvious,  therefore,  that  the  restdts  were 

2uite  exceptional,  and  cannot  be  taken  as  indicating  what  might 
e  expect^  from  the  application  of  small  quantities  of  sewage  to 
com  crops  on  different  soils,  and  on  the  average  of  seasons. 

47.  It  is  probable  that  500  tons  of  sewage  per  acre  is  more  than 
would  be  appropriate  to  arable  land  otherwise  treated  in  the 
ordinary  way,  taking  the  average  of  soils  and  seasons ;  and  it  is 
certainly  more  than  would  be  appropriate  for  heavy  lands^  and  for 
wet  seasons. 

General  Conclttsions. 

48.  To  obtain  a  maximum  amount  and  gross  value  of  produce 
fiom  a  given  amount  of  sewage,  it  should  be  applied  in  amall 
quantities  per  acre,  and  in  dry  weather ;  but  the  great  dilution 
of  town  sewage,  its  large  daily  supply  at  all  seasons,  and  its  greater 
amount  in  wet  weather,  when  the  land  can  least  bear,  or  least 
requires^  more  water,  render  it  quite  inappropriate  for  application 
on  a  comprehensive  scale  to  arable  land  for  corn  and  other  ordinary 
rotation  crops. 

49.  Supposing  arrangements  were  made  for  distributing  sewage 
over  a  sufficiently  large  area  to  command  a  full  value,  both  as 
manure  and  as  water,  at  the  most  favourable  periods  of  the  year, 
the  cost  of  main  distribution  would  be  very  great,  the  application 
to  the  arable  land  would  require  to  be  chiefly  by  the  expenuve 

meaas  of  piping  and  hose -and  jet,  uisteaiSL  oC  o^ivt>iiv«)  and  but  a 


I  pn^MMrtion  of  the  total  sewage  could  be  80  tised^  leaving  the 
inder  to  be  i^lied  in  large  quantities  to  grass-land^  at  the 
fitvauiable  periods  of  the  year^  and^  of  course^  to  realise  a 
ixch  lower  value. 
^C  Haying  r^ard  to  the  cost  of  distribution,  it  is  probable 
at;  the  most  profitable  mode  of  utilisation  would  be  to  limit  the 
^sa  by  specially  adapting  the  arrangements  for  the  application  of 
LG  greater  partj  if  not  the  whole^  to  permanent  or  other  grasses 
IsuLd  down  to  take  it  the  year  round,  trusting  to  the  occasional 
1X8^  to  other  crops  within  easy  reach  of  the  line  or  area  so  com- 
-KKiLSuaded,  but  relying  mainly  on  the  periodically  broken  up  rye-grass 
lsixa.d>  and  on  the  application  to  arable  land  of  the  solid  manure 
'xr^snlting  from  the  consumption  of  the  sewaged  grass,  for  obtaining 
o^bcr  produce  than  milk  and  meat,  by  means  of  sewage. 

d.  It  is  probable  that  about  5,000  tons  of  sewage  per  acre, 
judiciously  applied  to  grass-land  properly  laid  down  to  receiye  it, 
"^oijld,  in  a  great  majority  of  cases,  secure  the  most  profitable 
xitiliaation. 

^2.  Supposing  an  application  of  5,000  tons  of  sewage  per  acre 

P^^  annum   to  srass  land,  the  purification  of  the  water  would 

doubtless  be  sufficient  to  admit  of  the  drainage  being  turned  into 

^"^CJTB  without  fear  of  detriment  to  fish;    whilst  any   streams 

'^^^ying  such  drainage  instead  of  that  direct  irom  the  towns 

j^ojil^  at  any  rate  be  yastly  improved  from  their  preyious  con- 

***^ton  as  a  water  supply ;  but  whether  the  purification  would  be 

^^^^cient  with  such  an  application  is  a  question  which  requires 

^^*ther   experience   and    investigation  to  answer    satisfactorily^ 

^^  ^hich  will  probably  receiye  a  different  answer  in  different 


g^  ^3.  Assuming  that  the  average  dilution  of  the  Metropolitan 

fr^^^^gc>  including  rainfall  and  subsoil  water,  will  amount  to  100 

1^*^^  per  head  per  annum,  5,000  tons  would  represent  the  excretal 

3^^  other  matters  of  50  average  individuals ;  and  a  population  of 

ij^]^'H),000  would  require  about  60,000  acres  constantly  under 

^^"^Smtion. 

^^  ^"4.  The  only  records  of  exact  quantitive  results  obtained  on 
^^"^  application  of  town  sewage  to  corn  crops  are  those  of  the 
iments  of  the  Earl  of  Essex  on  wheat,  and  those  of  the 
iments  with  oats  at  Bugby  given  in  this  Report,  and  in  both 
the  increase  of  produce  represented  a  very  high  gross  money 
per  ton  of  sewage  employed.  The  circumstances  of  the 
riments  at  Kugby  were,  however,  quite  exceptional;  and, 
the  roost  extensive  trials  of  the  application  of  sewage  to 
crops  have  been  made  with  a  view  to  profit,  namely,  at 
^tibtd,  Rugby,  and  Alnwick,  the  practice  has  been  abandoned ; 
^Ist  ndther  at  Edinburgh  nor  Croydon,  where  the  best  results 
^  been  obtained  with  grass,  does  the  application  to  corn  and  other 
tion  crops  constitute  a  part  of  the  general  system  adopted. 
i.  Judging  both  from  the  results  of  the  experiments,  and  from 
experience  of  common  practice,  it  is  considered  t\i^\,  \!cv<^  \£l^%\. 
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3&  Italian  rye  gnas,  in  the  condition  as  cut,  was  also  found 

U)  be  more  succulent  and  to  contain  less  solid  matter  when  grown 

^th  sewage  than  without  it ;  but  the  proportion  of  dry  substance 

dimiiiishealess  as  the  season  advanced  in  its  case  than  in  that  of 

^be  meadow  grass. 

37.  The    proportion  of  nitrogenous    substance  (and    also  of 

impure  waxy  or  fatty  matter")  was  much  greater  in  the  solid 

'Matter  of  the  sewaged^  than  in  that  of  the  unsewaged  grass. 

Tlie    proportion  of  nitrogenous  substance  was  also  much  higher 

iQ     the  solid  matter  of  the  grass  grown  towards  the  end  than 

^ai'lier  in  the  season.     The  proportion  of  indigestible  woody  fibre 

^Aa  nuch  about  the  same  in  the  dry  substance  of  the  unsewaged 

^^*^d    of  the  sewaged  grass.     It  progressively  diminished  as  the 

^eaaon  advanced,  and  was  generally  lower  in  the  dry  substance 

^^  "tlic  Italian  rye  than  in  that  of  the  meadow  grass. 

38.  A  given  amount  of  the  dry  substance  of  grass  grown  in  a 
*^^ld  and  wet  season,  or  during  the  cold  and  wet  periods  of  the 
y^^T'^  generally  contains  more  nitrogenous  substance,  but  is  less 
P^'^^xJuctive  than  that  of  grass  grown  in  more  genial  weather. 

^  39.  The  greater  productiveness  in  milk  and  increase  of  a 
^"^^xi  amount  of  the  solid  matter  of  the  sewaged  grass  appears 
5^  ^^«pend  more  on  a  favourable  condition  of  maturation,  digesti- 
^*  ^^y^  and  asmmilability,  of  the  constituents,  than  on  the  actual 
P^^^^cjentage  amount  of  any  of  those  determined,  and  above 
^^^xnerated. 

Effects  of  Sewage  on  the  mixed  Herbage  of  Grass  Land. 

^O.  The  effect  of  sewage  irrigation  on  the  mixed  herbage. of 

^^^8  land  is  to  develop  the  Graminaceous  plants  chiefly,  nearly  to 

^^\ude  the  Leguminous,  and  to  reduce  the  prevalence  of  mis- 

^^*laneou8  or  weedy  plants,  but  much  to  encourage  individual 

^P^oies. 

4 1.  Among  the  grasses  which  have  been  observed  to  be  the  most 

^^'Ciouraged  by  sewage  are  (according  to  locality  or  other  circum- 

^^iioes)  rough  meadow  grass,  couch  grass,  rough  cock's  foot,  woolly 

^^f^  grass,  and  perennial  ryegrass;  two  or  three  only  remaining 

^  any   considerable  proportion  after  sewage  has  been  liberally 

applied  for  some  years. 

42.  The  produce  of  sewage  irrigated  meadows  being  generally 
Cat  or  grazed  very  young,  the  tendency  which  the  great  luxuriance 
of  a  few  very  free  growing  grasses  has  to  give  a  coarse  and 
8temmy  later  growth  is  not  an  objection  as  in  the  case  of  meadows 
left  for  hay ;  a  ^ven  weight  of  the  dry  or  solid  substance  of  the 
more  simple  sewaged  grass  being,  when  consumed  green,  more 
productive  than  an  equal  weight  of  that  of  the  more  complex 
unsewaged  herbage. 

Composition  of  the  Milk  from  the  unseiraged  and  the  sewaged  Grass. 

43.  Although  more  milk  was  obtained  from  a  ^ven  weight  of 
the  dry  or  solid  substance  of  sewaged  than  of  unsewaged  grass, 
there  was  comparatively  little  difference  in  the  composition  or 
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Table  III. 

Detailed  Recobd  of  the  Amounts  of  Green  Produce  obtained  in  i 

ments  on  Permanent  Grass  Land. 

Second  Season  1862. 
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•  • 

•• 

•    1    888 

■  • 

. . 

0    8    884 

.  . 

.  • 

•» 

•    1    817 

•  • 

.  • 

1    1    017 

.  . 

. . 

•  • 

•    808 

•  • 

.  • 

0  17    1    8 

.  . 

•  • 

•• 

^ 

•  18    0  88 

8    8    8    8 

« . 

4  19    119 

2  11    2    0 

0   «    884 

6   9   8    6 

8  16   1    8 

•                1 

•    4    888 

tdCrop. 

*  • 

SdCrop. 

•  ■ 

SdCrop. 
0  18    8   1 

adOrop. 

8d  Crop, 
(cont) 

. 

SdOrop. 

•• 

9 

010    018 

0    1    880 
0    1    819 

■• 

0   9  .8    0 

0    9    0    5 
0    9    18 

1    8    028 

•  • 

•  • 

a 

p    0    016^ 

•  * 

« 

0    8    10 

Oil    0  14 

Total 

■ . 

7 

0    8    0   1 

0  12    8    8 

2d  Crop. 

•  • . 

s 

0    8    Ofl 

0    9    880 

. . 

• . 

^8 

0   4    118 

0  19    8    9 

. . 

•  • 

Xl 

•   1    887 

0    9    8    9 

. . 

• . 

^ 

0    18    9 

0    9    8    8 

. . 

•  • 

>8 

•    1    880 

0    9    816 

. . 

•  • 

>4 

0    8    811 

0  12    124 

. . 

• . 

>6 

•    1    816 

0    9    11 

. . 

• . 

>8 

8    8    886 

0  18    1    4 

. . 

•  • 

:i8 

0    8    1  18 

0  18    1  11 

•• 

« . 

^ 

8    1    816 

0  10    1    1 

• . 

0  16"0  22 

•  • 

9D 

0    1    819 

•  • 

010    1    4 
0  19    0  87 
0    8    185 

0  10    0  19 
0    8    214 

•  • 

0  10    1    0 
0  16    8    1 

0  18    1  11 

1  17    2  84 

. . 

SI 

pis    1    8] 

» • 

88 
8B 

Total 
1st  Crop. 

f9  18    0  25] 

.  • 

Total 

0  18    1    6 

•  * 

88 

•  • 

0    9    880 

2d  Crop. 

. . 

0  17    8  10 

. . 

«T 

•  • 

•  • 

0  10    1    9 
0    9    814 

•  • 

0    8   119 

0    8    014 

\         •• 

0  10    8  18 

iS 

C7    0   8  m 

V^\i^  ^.T^ 

18 

■  • 

0    9    0  18 

. . 

• . 

0  s  iwv^ i — ^\      •.      \^^  \n 

so 

1019  S  16  I 

• . 

•  • 

0   4   818\     Total     \         ••        \^W  ^Tfl^ 

CM.    / 

/                    / 

\  fdiCT^ 

■\          \ 

^ 

r  8  tioji 

^16  'iieji 

»»    0£6| 

8    0    2  84 

1  Oil    8 

o\ai%  \ 

^\ 

\%^^  ^   ^ 

TaUfl  I. — continued. 

Detailed  Becord  of  the  Sewage  applied  to  Permanent  Giaw  XmoA 

Second  Season  1861-S. 


Hv«c«  md. 

Ton-xn  Pietd. 

AvHwe 

Scwue  kunlicd 

Vvenm 

Be-ige  applied 

Tinw 

Time 

or 

(calinilatfd  per  >cTe). 

'Time 

TUue 

Ditsg 

Plotl 

Plots. 

Plot  4 

of 

Plot*.    Mots. 

Pit 

'Sx 

w>u<» 

(Are* 

[Am 

(An* 

WPlio- 

(An* 

(Am 

(A 

d? 

Hon. 

len.) 

s-,' 

i-ooBti 

K 

tton. 

■»9I3 
■ere.) 

■^ 

Mini. 

Tons.      Toiu.      Tons. 

Ulm. 

B.-. 

Tom. 

Tom. 

Ti 

J«ti.  1 

Jsn' 

«-3l         .. 

m'*7 

' 

IS- 16 

*" 

133-31 

li'oo 

lE'OT 

♦* 

77-56 

9 

7i-a 

iii-M 

13 

MM 

iM-oa 

14 

ii(;m 

«    0 

8i^» 

137-78 

K-w 

li'oo 

U'S4 

?." 

98=78 

» 

n 

M'DD 

n 

18-S! 

t  S 

»'u 

se'w 

tf 

u;w 

0« 

118-M 

IS 

!.** 

110=W 

U-60 

B    S 

73=01 

r 

w 

U-BT 

«    0 

M-94 

SJ'j* 

Tettl- 

(1B-*1) 

IBS  30 

SUM 

*"■» 

383-26 

(ll-M) 

IS  46 

77-36 

168-M 

rai 

Tsb.  1 

IB-M 

Ifl^BO 

]1IB 
11  iM 

IIIU 

iii'i* 

IM-U 

■'■:" 

7'« 
3  46 

1*9=77 

K 

'' 

1«-H 

li;M 

3  43 

•3=88 

« 

li 

la-M 

li'so 

ui-sa 

IS'U 

IS 

1130 

1«-M 

ut-oo 

343 
346 

98=18 

oi 

l(l;m 

13«l-86 

ISl-lT 

IS 

n-sa 

u  so 

ua'n 

li-34 

346 
343 

*7=70 

a 

a 

WW 

7  IS 

13' 13 

BB^M 

TotU- 

or '03) 

1!SU 

Iffi-tE 

676-03 

731 '37 

(11-M) 

433 

M7-47 

IBT-IB 

w 

M-.. 

ism 

uu 

U4-W 

* 

us» 

IM-+* 

11-11 

3*3 

81 

H 

BJ 

H 

i'«B 

si'« 

i;-34 

su 

41-63 

iV 

(sunk.*) 

" 

it'BO 

WW 

1130 

IWW 

11=00 
U-33 

6*46 
346 

M 

** 

81 

d 

1S«T 

s« 

H-ei 

'.'. 

80-76 

M 

11=00 

n 

» 

11-31 

11  M 

U« 

S3 

M 

"■" 

043 

108=81 

n 

1# 

li-ar 

14i-BB 

» 

um 

1130 

ili=« 

W 

is;3S 

a4fi 

3«l 

W-BS 

31-41 

31 

iriB 

ii=so 

IM 

ToUl- 

(MWl 

■"« 

«■** 

463-34 

^TB'Sl 

{11 -M) 

31  43 

108-81 

■^ 

M 

BM 

a  to  Oil  the  SMU»4wnk,  ul  tlui^on  tha  Ml 
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Table  IV. 

CD  SicoBD  of  the  Amounts  of  Gbbbx  Produce  obtained  in  the  Experi- 
ments OR  Permanent  Grass  Land. 

Third  Season  1863^ 


1 

Green  Oran  obtained  (calculated  per  acre). 

FiTe^kre  Field. 

Ten-acre  Field. 

jnOMoni 

With  Sewage. 

Without 
Sewage. 

With  Sewage. 

Floll. 

Plots.          Plots.          Ploti. 

Plotl. 

Plot  8. 

Plots.          Plot  4 

iiii 

Ilu 

lU^ 

liu 

IIU 

Hu 

llUilUi 

ittCrop. 

UtCrop. 

•  • 

•  • 

•  • 

•  • 

0  10   1    0 

••    * 

•  • 

% 

•« 

0  14   8   0 

•• 

.  • 

•  • 

016    1    0 

•• 

0  14    2  20 

•  • 

•  • 

•  • 

•  • 

•s 

0  18    1    0 

•  • 

0  17    1  18 

■  • 

.  • 

•  • 

0  18    8  17 

•  • 

.  • 

•  • 

1    6    818 

•• 

.  • 

•  ■ 

•  • 

. . 

0  18    1    0 

•  • 

a  • 

.  « 

8  18    3  12 

•  • 

•  • 

•  • 

8  14    8    0 

1st  Crop. 

lit  Crop. 

1ft  Crop. 

UtCrop. 

lit  Crop. 

•  • 

0  12    1  21 

.  • 

•  • 

.  • 

•  • 

2    10    6 

• » 

.  • 

•  • 

0  15    2  19 

•  • 

.  • 

•  • 

OlS    8  20  1 

•  • 

•  • 

•• 

0  14    2  20 

•  • 

•  • 

•  » 

.  • 

• . 

0  15    8    0 

•  • 

, 

. . 

•• 

2    0    827 

•  • 

_ 

0  18    OlS 

1    8    214 

•• 
•  • 

•  • 

•  • 

2    t    018 

f0  18    8  275 

•  • 

•• 
•  • 

1  10    8  16 
116    8  28 

Total 
IstCrop. 

*  • 

•• 

•  • 

•  • 

0  19    1    9 

0  18    2    0 

■  ■ 

•  • 

•  • 

•  • 

1    4    811 

• 

112    2  14 

0  14    2    0 

•  • 

[8    2    1  271 

•  ■ 
■  • 

1  16    2  84 
1  13    0    4 

•  • 

>» ^ — -^ 

Total 
Ist  Crop. 

•  ■ 

1  11    1  10 

. .. 

• . 

•  • 

• . 

. . 

1  13    0  16 

•  • 

•  • 

•• 

1  14    8  16 

•  ■ 

.  • 

,          ! 

.  • 

116    118 

•  • 

on  s  8 

0  10    2  11 

0  12    2  13 

•  • 

•  • 

•• 

p2  4  8  18j 

Total 
l8t  Crop. 

• 
•  • 

0  18    114 
Oil    1    1 

•  • 

•  • 

Oil    8    1 

•  • 

.  • 

•  • 

1    6    8  18 

.  • 

•• 

•  • 

4    0 

1  2S 

i 

12    4    918 

8    0 

015 

• 

^ 

\ 

U   ^ 

^1\ 

^^  1    \Tl 

^^ 


Tf 


Table  IV eonHnued. 

Detailed  Record  of  the  Amounts  o^  Green  Produce  obtained  in  the  Experimei 

on  Permanent  Grass  Land. 

Third  Season  1863. 


Green  Grass  obtained  (calculated  ] 

per  acre). 

-  Bates 

of 
Oiifttiiiffs. 

PiTe-acre  Field. 

Ten-acre  Field. 

Without 
Sevage. 

With  Sewage. 

Without 
Sewage. 

With  Sewage. 

Plotl. 

Plot  2.     1     Plots.          Plot  4. 

Plot  1. 

Plot  2. 

Plots. 

Plot4 

iiu 

Ihs- 

lU^ 

lUi 

iiu 

lU^ 

lUi 

III 

• 

Ist  Crop. 
ieotU,) 

2d  Crop. 

2d  Crop. 

IstCrop. 

Ist  Crop. 

litCrcxp. 
{eontjf 

2dCro 

June  1 

•  • 

on    8  22 

•  • 

• . 

. . 

.  • 

•  • 

s 

0  10    0  14 

•  • 

. . 

. . 

. . 

.  • 

8 

1  10    1  21 

•  • 

. . 

. . 

. . 

.  • 

4 

•  s    * 

•  •    ■ 

.  •■ 

.  • 

.  •  ■ 

1  18   «    8 

. . 

6 

•  • 

•  • 

.  • 

. . 

0  18    0  2S 

.  • 

8 

• 

•  • 

•  • 

•  • 

•  • 

1  10    8  14 
1  11    2    3 

0  17    2    8 

•  • 

8 

[12  9  0  7] 

. . 

t 

•  • 

•  • 

a  • 

1  10    8    1 

L .^^^^_^ 

• . 

10 

•  • 

•  • 

.  . 

1  13    1  24 

Total 

.  • 

11 

s  • 

•  • 

.  . 

1  12    2    6 

IstCrop. 

a  . 

12 

•  • 

•  • 

.  . 

1  12    2  17 

• . 

.  . 

18 

a  • 

•  • 

.  . 

1  19    2  IS 

• « 

.  . 

16 

0  18    2  18 

•  • 

.  . 

. . 

.  • 

•  . 

18 

18    8    6 

•  • 

.  • 

•  • 

. . 

•  . 

17 

19    8    7 

•  • 

•  • 

• 

•  • 

1  10    2    1 

•  a 

18 

p014  1   0] 

Total 
1st  Crop. 

. . 

a  • 

19 

20 

•  • 

2    6**8  18 
111    1  U 

.  . 

pS  1  8  22] 

.  • 

1  18   0 

•  • 

•  • 

Total 

a  a 
a  a 

28 

• . 

0  16    2    7 

•  • 

.  . 

IstCrop. 

. . 

a  . 

M 

• . 

0  14    8  10 

•  • 

0    4    Oil 

•  • 

2d  Crop. 

7    8   8 

26 

•  • 

•  • 

oia's  6 

0  19    125 

4    6    8    0 
2    9    1  27 

0    6   J    S 

0    6    825 

0    6    8    1 
15    8    0 
0  19    SIS 

•  • 

« . 

0  12    1  19 

0  9   16 

1  6    2  14 

212   1 

28 

pi  18  2 

27 
28 
80 

pO  18  2  0] 

Total 
2dCro 

•  • 

. .- 

Total 

. « 

•  • 

•  • 

2d  Crop. 

« 

HonthlyV 
ToUl   j 

■  • 

8    4    8    8 

3    9    220 

lOU    8    0 

8    7    826 

18    1    8  22 

6  16    0  22 

1118    2 

1st  Crop. 

2dC^p. 

2d  Crop. 

IstCrop. 
(«m/.) 

2d  Crop. 

2d  Crop. 

SdCra 

Jufy   1 

10    8    0 

0  14    0  22 

•  ^ 

a  a 

2 

•  • 

U    7    315 

0  12    0  20 

a  • 

8 

■  • 

0    8   0    7 

,,  • 

0  15    8  19 

a  • 

4 

•  • 

i  0  12    0  11 

16    0    8 

a  a 

8 

,, 

0  16    1    0 

1 

. . 

a  a 

7 

^  0 

0  17    8  20 

.  • 

.  .^ 

a  a 

8 

10    0    9 

0    6    124 

. . 

.  . 

9 

2    8"0    8 

•  • 

0    4    128 

1    8   017 

a  • 

10 

•  • 

0    4    028 
0    8    028 

•  • 

1    7    112 
0  15    0  17 

0    6    8    6 

1    0    810 

.. 

11 
18 

p.    7    8  «*3 

p    2    184] 

.. 

Total 
IstCrop. 

Total 
2d  Crop. 

.« 

14 
16 
18 

0    4    018 
0    8    0    1 

•  • 

0  10    0  19 
0  18    1  11 
0  18    1  11 

f9    7    0  22] 

a  . 

Total 

a. 

17 

.  • 

10    0    0 

2d  Crop. 

.  • 

.a 

18 

0    0    14 

1    8    027 

• . 

aa 

20 

0    8    217 

1    4    228 

. . 

.« 

22 

•  • 

. . 

•  • 

0    8"810 

.. 

S 

•  • 

• . 

.  • 

0  16    0    8 

•  . 

M 

«  • 

•  /  ■ 

•  • 

0  18    8  20 

«• 

26 

•  • 

. . 

•  • 

1    9    218 

.. 

«7 

0    6    111 

0  16    0    2 

•• 

018    228 
112    2 

0   7    118 

•  • 

J8 

an 

pis    814] 

r87    89 

•  • 

S0/     Totm!     1     Total 

1  JMCrop.  1  idOn^ 

1                   ) 

\ 

«/ 

/ 

.. 

•  • 

•  • 

ft        « 

VL%1*  %  %1 

L    •* 

A  t    - 
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Edpori  of  the  Amounto  of  Green  Produce  obtaiiied  in  the  Experiments 

on  Permanent  Grass  Land, 

Third  Season  1863. 


Green  Grus  obtdntd  (oalculatod  per  acre). 

Plve^iflre  Field. 

SaiMatt  Viald. 

TOtort 

With  Sewage. 

Without 
Sewage. 

Wtth  Sewage. 

PML 

Ploki. 

Plots.     1     F]ot4. 

Flotl.  ' 

Plot2.    1     Flot8.         Plot4. 

iiu 

iiu 

11m 

4  ^    • 

iiu 

iiu 

iiu 

iivi 

3d  Crop. 

SdCrop. 

SdCrop. 

SdCrop. 

•  • 

•  • 

•  • 

Ill    1   8 

.  ■ 

• . 

.  a 

•  • 

.  • 

0  18    0  18 

.  . 

. . 

*a 

• 

•  • 

•  • 

• 

0  14    8  26 

.  • 

. . 

.  . 

•  • 

•  . 

0  19    2    8 

*  • 

. . 

•  . 

•  • 

•  . 

0  10    0    8 

.  • 

. . 

.  . 

•  • 

■  . 

.  • 

.  . 

. . 

0  16  a  0 

•  • 

•  • 

118    8  10 

. . 

.  . 

. . 

.  • 

•  • 

•  • 

1    8    816 

. . 

.  . 

. . 

. . 

• 

■  • 

•  . 

•  • 

.  • 

.  . 

. . 

016    0    0 

•  • 

•  • 

•  • 

.  • 

.  .    . 

. . 

0  14    0    0 

•  • 

•  • 

0  16    2    6 

•  . 

.  • 

•  • 

•  • 

•  • 

•  • 

16    18 

0  19    0    8 

• 

a  * 

«  • 

•  • 

fO  18    8    6] 

•  • 

I                          "5 

0  16    1    0 
0  16    8    0 

•  • 

•  • 

•  • 

Total 

•  • 

• 

.  • 

8dCrop. 

.  . 

.  . 

0  16    1    0 

•  • 

•  • 

•  • 

•  • 

.  . 

.  . 

0  16    114 

•  • 

•  • 

•  * 

« • 

.  • 

.  . 

0  16    8    0 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

0  14   8    7 
0  18    8    6 

118    0    0 

•  • 

P    8    1  26J 

•  • 

. . 

•  • 

•  • 

016    8    7 

.    Total 

•  • 

•  • 

.  • 

. . 

.  a 

10   19 

SdCrop. 

•  • 

•  . 

. . 

. . 

.  • 

0  16    8    7 

. . 

•  • 

•  • 

4th  Crop. 
0  17    111 

•  • 

•  • 

116    080 

■  • 

•  • 

•  • 

•  • 

4    8    8    6 

7  16   816 

• . 

•  • 

6  14  9    0 

7  lit    2  14 

iSd  Crop. 

SdOrop. 

3d  Crop. 
{catU.) 

4th  Crop. 
(eamt.) 

8dCrop. 

SdOrop. 

SdCrop. 

4th  Crop. 

•• 

•« 

•« 

0  18    8   8 

• . 

.  • 

WW 

•  • 

•• 

.• 

.. 

.  • 

•• 

•  . 

»  a 

0  12   8    0: 

•• 

•  • 

0  16  1    7 

.  * 

. . 

. . 

.  . 

. . 

«• 

•• 

1/  8    1.17 

•  • 

•  • 

• . 

•  • 

■  •»      -^ 

•• 

•  • 
• 

0  18    1    0 

1    8    Oil 

a  • 

1    6    118 

. . 

•• 

pr  0  0  18^ 

.  a 

•  • 

P    8    8    15 

Total 

.  . 

118    8 

•  4 

SdCrsp. 

•• 
•  • 

« • 

'iy>tal 

0  18    OH 

•  • 

•  • 

SdOrop. 

«  • 

. . 

110    1 

• . 

a  . 

•• 

10    8  16 

. . 

•  • 

. . 

. . 

. . 

.  . 

«• 

OU    010 

.« 

•  • 

.  • 

« • 

. . 

.  • 

•  • 

• . 

•  • 

0  14    127 

•  • 

. . 

. . 

«• 

•• 

018    8    8 

./ 

. . 

. . 

. . 

.!• 

•  « 

•  • 

•  • 

•  • 

. . 

.  a 

017    8  11 

.  . 

.  • 

•  • 

•  • 

. . 

.  • 

Oil    8   9 

14   9    6 

a  . 

•  • 

•  • 

• . 

•  • 

0  14    2  18 

•  • 

. . 

.  . 

•  a 

0    S    i    8 

• . 

. . 

0  17    Oil 

«  • 

.  • 

.  • 

•  • 

t    8    SM 

.  • 

. . 

1    1    128 

•  • 

.  a 

.  . 

.  • 

tlS    SfS 

•  • 

a  . 

0  17    8  18 

•  • 

1    l"0  14 

.  . 

0  17    8  18 

1  1    816 

«  . 
•  • 

a  • 

tit    8  ST] 

1   J 

^8  11    118^ 

•  • 

Totel 
Id  Crop. 

•  • 

4th  Crop. 
1    8    085 
1  11    0  17 
0  18    8  18 

Total 
4th  Crop. 

•  • 

«• 

•  • 

(.112    8  28] 

[e  I  0  i] 

•  • 

•  • 

•  • 

•  • 

•  • 

Total 

\     'WWL     \         ,.        \         •. 

1 

1 

2d  Crop. 

\  MlOrop.  \ 

A 

>j»  #jr/ 

M  T  itrj 

$1» 

028 

7  U   0    S 

llll    Si 

a\  ^  \  ^  A\  ^  ' 

\  % 
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Table  lY. — continued. 


Detailed  Record  of  the  Amounts  of  Green  Produce  obtained  in  the  Ezperii 

on  Permanent  Grass  Land. 

Third  Season  1863. 


DiOea 

of 

-Cnttiiigs. 


Green  Gnts  obtained  (calculated  per  acre). 


Five-acre  Field. 


Without 
Sewage. 


Plotl. 


With  Sewage. 


Plot  2. 


Plots. 


Plot  4. 


Ten< 


Field. 


Without 
Sewage. 


Plotl. 


With  Sewage. 


Plot  2. 


Plots. 


PI 


liu 


Oct  1 
2 
S 
6 
6 
7 
8 

10 
IS 
14 
19 

20 
21 


Monthly  > 
T6tal    i 


^^ 


SdCrop. 
iootd. 


I 


op. 


0  16    8  11 
0  19    2  14 


2    3  24: 

Toul 
SdCrop. 

4th  Crop. 
0    9   018 

0   7    8    5 


roiesig 


Total 
4th  Crop. 


2  12   1  IS 


4th  Crop. 
{c<mt.) 


1  12 


I   §   IS 
5th  Crop. 


lU^ 


1    5 


0  18    2    0 


;5  18    0    4] 

Total 
4th  Crop. 


2    5    8    5 


0  14    1  20 

Total 
5th  Crop, 


0  14    1  20 


U 


4th  Crop. 


^M" 


0  9    020 

1  4    025 
1  16    2    8 


:8    0    8  20' 

Total 
4th  Crop. 


8    9    820 


4th 

(eo 

110 


019 
110 

0  17 
0  14 


[6    5 


4th 


5  12 


KOT.  27 

28 


Monthly 
T6tal 


} 


5th  Crop. 

0   8   016 

V -» 


5th  Crop. 
0    5    2  10 


•  • 


•  . 


av>tai 

5th  Crop. 


0   8   016 


Total 
6th  Crop. 


0    5    810 


6th  Crop. 

0    5    224 

V , f 

Total 
6th  Crop. 


0   6    224 


.• 


4th  Crop. 


0    9   16 


Total 
4th  Crop. 


0   9   16 


5th  Crop. 


0  10   0    6 


5th  Crop. 


010   t    5 


5th 
Oil 


6th 


Oil 
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Table  V. 
Setailkd  Recobd  of  the  Sewaqe  applied,  and  of  the  Amounts  of 
<TRKiir  Phoducb  obtained  in  Expebiments  on  Italian  Rte-qbass.   - 

Season  1863. 


1 

Green  Grass  obtained  (calculated 

Avenge 
tixne^ 

Time 

Sewage  applied 
(calculated  per  acre). 

per  acre). 

Without 

BlTW. 

taken  to 
fillChmge- 

of 

_8ewage._ 

With  Sewage. 

1 

tank 

applica- 

Plot 2. 

Plot  3. 

Plotl. 

Plot  2. 

Plot  3. 

(S'SOS 

tODt). 

tion. 

(Area 

(Area 

(Area 

(Area 

(Ansa 

•  0*990 

0*99831 

1*00484 

0*999 

0*99831 

. 

acre.) 

acre.) 

acre.) 

acre.) 

acre.) 

Uius. 

H.  M. 

Tona. 

Tons. 

lUi 

1          *. 

IstCrop. 

1st  Oop. 

1st  Crop. 

^vmu 

•  • 

•  • 

•  • 

•  • 

•  • 

0  17    0    2 

1  10    2    6 

u 

•  • 

•  • 

•  • 

•  • 

•  • 

1  12    0  17 

0  16    0    3 

27 

•  • 

•  • 

91-67 

•  • 

•  • 

12    0 

•  • 

•  • 

•  • 

•  • 

•  • 

20*03     : 

•  • 

1    3    2  16 
1    6    221 

0  14    1    1 
10    0    2 

19    16 

29 

[3  15    3  15^ 

29 

[4    3    1  22] 

Totol 

Ist  Crop. 

SO 

101-C7 

1115 

•  • 

22*00 

0  15    0  12 

Total 

JSili 

lAtCrop. 

(96-24) 

23  15 

•  ■ 

4803 

3    4    1  21 

4    3    1  22 

3  15    3  16 

^^     1 

12000 

12    0 

19*87 

•  • 

Oil    0  22 

• . 

•  • 

2 

107-50 

11  30 

•  « 

21-27 

0  12    0  21 

•  • 

•  • 

4 

137-60 
183-33 

6    0 
12    0 

•  • 

•  • 

7-23 

17-89 

0  14    1    8 

•  • 

•  • 

•  ■ 

6 

[5    2    0  16] 

•  • 

6 
7 

120-00 
117*60 

1130 
1130 

1904 

•  • 

r                      J 

19*46 

Total 

•  • 

•  • 

•  • 

8 

122-50 

11  15 

•  • 

18*26 

IstCrop. 

.  • 

•  • 

9 

129  00 

11    0 

18-21 

.  * 

• 

. . 

•  • 

11 

123*83 

12    0 

•  • 

19*36 

• 

• 

•  « 

•  • 

12 

137-60 

10    0 

•  • 

14*46 

• 

• . 

•  • 

13 

88-75 

1130 

25*76 

•  • 

• 

. . 

•  • 

14 

112-50 

12    0 

•  • 

21*21      1 

• 

• . 

•  • 

18 

75-00 

430 

•  • 

11*93 

• 

•  • 

•  • 

19 

72-50 

12    0 

32*89 

•  • 

• 

• . 

•  • 

20 

6900 

12    0 

•  • 

34*58 

• 

•  ■ 

2d  Crop. 

27 

67-60 

480 

*  • 

13*25 

• 

•  • 

0    7    1  21 

28 

66-60 

12    0 

86*34 

.  a 

• 

.  • 

0    2    3  22 

29 

71*26 
7V-60 

10  45 

•  • 

30*00 

• 

•  • 

0    7    318 

10  80 

•  • 

28*76 

• 

• . 

018    0    2 

(95-80) 

197  30 

152*10 

267-66 

117    2  23 

•  • 

1  11    1    7 

Juo«  I 

88-75 

10  16 

22*95 

• . 

• 

•  • 

0    7    2    1 

2 

78-75 

12    0 

•  • 

30*30 

• 

• . 

0    7    116 

3 

101-67 

846 

•  • 

17-11 

• 

•  « 

0    7    2  18 

4 

06-00 

10  80 

21-96 

•  • 

• 

•  • 

Oil    1    2 

6 

90-00 

12    0 

•  • 

20-51 

• 

•  • 

0    8    0    3 

-0 

90-00 

11    0 

•  • 

24-30 

• 

•  a 

0  14    0    3 

8 

97-60 

9  15 

•  • 

18*86 

• 

•  . 

0  10    0    2 

9 

130-00 

11    0 

•  • 

16'ftl 

• 

a  . 

0    6    0  21 

10 

86-00 

10  16 

«  • 

23*97 

• 

2d  Crop. 

0    6    8    9 

11 

7600 

87-60 
73-73 

12    0 

12    0 
11    0 

•  • 

•  • 

•  • 

31*89 

27*27 
29*65 

• 
• 

0    5    10 

•    7    226 
0  17    0    2 

0    6    3  11 

)2 

13 

[6  14    0    81 

> — -^: — ■) 

16 

116*67 

830 

14-48 

• . 

• 

14    2    6 

Total 

16 

102-60 

11  16 

•  • 

21*83 

. 

0  12    0  25 

2d  Crop. 

17 

96-95 

845 

•  • 

18*07 

• 

0    6    11 

.  * 

18 

93-76 

12    0 

25*43 

•  • 

• 

0    8    121 

•  • 

19 

86-25 

12    0 

•  • 

27*66 

. 

0  10    1  21 

•  • 

^^ 

86-00 

9    0 

•  • 

21*05 

. 

0  14    8    2 

•  • 

ses 

86*25 

845 

20*16 

•  • 

2d  Crop. 

12    3    8 

. . 

-» 

83-33 

7    0 

16*60 

•  • 

0  17    3  18 

0    8    2    8 

3d  Crop. 

^4 

(6*00tanks) 

(6-00     „    ) 
(676     » 
(3*25     „    ) 

12    0 

•  • 

•  • 

19*87 
19*04 
17*38 

19*88 

■ . 

0  16    0  20 

1  1    316 
1    0    8  17 
1  11    3  11 

0    3    1  25 

0    3    11 

SG 

j:7    1    127] 

0    5    0  16 
0    9    12 
0  11    2  16 

•  • 

•  • 

Total 

^ 

•  • 

•  ■ 

•  • 

. . 

2    6    2    3 

2d  Crop. 

0  10    1  13 

30 

•  • 

•  • 

•  a 

•  • 

13    3    1 

•  • 

1 

0    7    1  £5 

[8  18    0    2] 

ToU\      \                    \ 

^J 

1 

/ 

2d  Crop. 

\                   \ 

■■    1 

••    / 

177-96 

861-66 

|si8 

\   s^  \ 

\\\    \   \«\^   ^  ^^ 

S£rffl£fto^1i*fti'  ^^'}^^  flow  WM  too  slow  tnd  \nf«U«  \o  ««^?«i*iVSi^ 


S^Qge-tMnk,  and  therefore  the  ictviiS.  munaoffc  o^ 


d8 


'  Table  V.—eontuttud. 

D«buled  Becord  of  tiie  Sewage  applU-d,  and  of  the  AmouDta  of  Qreen 

Produce  obtaioed  in  Kxperiuunls  on  lulian  Bye-grass. 

Season  1S63. 


AreriRc 

Orwn  Orwi  obttlned  t«lniUled 

Time' 

Time 

Ssngeiipplkd 
(oklcuIntcJ  per  acre). 

1^^ 

nilOuise- 

of 

"WithBoTngp. 

Din*. 

kppllO- 

Muk 

Plot  1. 

Hoi  1. 

Plot  I. 

Plot !. 

(S-M8 

tioo. 

(Are* 

(Ank 

(Am 

lou). 

O'WO 
■ere.) 

Mte.) 

«cro,) 

A-»9 

009681 

in-^ 

Jitl 

IIU 

Him. 

Ton*. 

Ton* 

sdCiDp. 

July  1 
t 

(S'ffllUni.) 
((•76     „    ) 
S-00     ,    ) 

10-J« 
IB-M 

,■„ 

0  11    0  18 

: 

(aiw    „    ) 
(l-W     .    ) 

(t7StuikB) 
SIM 

{noamk.) 

MM 

8    0 

t    0 

WM 

ISOl 

0  1*   0    s 
0  s  1  a 

OU    1    3 
0(31 
0    7    3    1 

10 

1*78     ..    ) 

., 

la-a? 

0  e  OU 

" 

(0'»     ..    ) 

- 

HJ'BS 

- 

0  IS     2  10 

n 

<Xsi    .    ) 

SO 

■■ 

18-ffl 

0  10*^^11 

t7_7^wg 

» 

sn-ofl 

.". 

:« 

0  e  1  1 

3.X.. 

i> 

(ElStanka) 

n-io 

0    7    S13 

MM 

le 

(O-TStunks) 

1    0 

18-H 

0    7    0* 

n 

(vsnuiki) 

lO-M 

010    0  87 

MM 

18 

(8-OOtMk.) 

W88 

OU    0    1 

to 

(3-00     „    ) 

t\ 

■■ 

law 

0    t    3    0 

n 

H'lKlUrkj) 
U-M 

so 

IS'K 

0    7    OIB 

n 

(S^Muki) 

la-M 

0  10    i    1 

u 

fg-M 

1    0 

:: 

BS'iO 

0    S    t  15 

u 

(rsWBda) 

IJ'ilS 

0    7    017 

n-M 

1    0 

11-as 

» 

(n«>»k«) 

18-00 

I    0 

7-« 

018  la 

n 

Owukk.) 

11-70 

»■« 

1    0 

is-« 

" 

(I'Mtuk) 

{imiuiki} 

1    0 

13- tS 
B'OS 

S-(W 

0    1    8    t 

^.'^ 

w 

[»i«  aa-\ 

0    7    11 

soliavs  .  )j       ., 

To'tkl 

OBIS 

31   '(B-43    ,    )/ 

ITW 

MCrop. 

0    7    8    1 

''rStTV      -      /      ■. 

nait 

«6'A« 

w    -   \^«»«w>^^ 

'te^SSJwtoT: 

Tfc'?: 

5!T*t:'J 

■Irenaho 

flow  WW  fa 

«iaw«*n4_ 

T^cK^nV. 

^^S^ 

iNjO'.X'MI 

Tabls  y. — eontmued. 
Beliiled  Recg^  of  the  Sewige  applied,  and  of  the  Amounts  of  Green 
ProdMe  obtained  in  ExpOTunenta  on  ItaliM  Rje-grasB. 
Season  1 


IbK* 

too.). 

Time 
tioo. 

...... 

t»rM»). 

(oLlcuUtcd  per  acre). 

WUbODt 

WUbSimet 

Plot  2. 

(Am 
«CTe.) 

Plots. 

KTB.) 

l-«>«4  - 
mew.) 

Hot  I 
lAr« 

O'lrw 

un.) 

Plots. 
(Art* 

O'Msn 

«Te.) 

lupM   1 

iii: 
fS: 
!:S:: 

!3:1 

Taiu. 
IS-M 
13-b 

is-n 

lO-ft} 

irin 
10- ia 

Tom. 

3-n 

a-» 

iB-ai 

ii 

IS-M 

in? 

D    4    ]  1« 

0    I    Oil 

0    j"SM 
0    «    s  tl 

0  1  sso 

0  G  in 
a  9  iM 

llJJSh 

1 
S 

It 

p    0    113] 

*thCrop. 

MCrop, 

w 

fi  u  1  iq 

nth  Crop. 

«KSp. 

^5^ 

IMM 

m-M 

1    Oils 

lit    1  13 

3    0    210 

t 

1-1  links. 

II: 
S: 

I'M   . 

PS: 

1: 

S: 

;: 

ii^ia 

w'fiT 

s'-M 

8'M 

H-7a 

ll-Sl 

»;« 
T-oi 
u-'fis 

IS^lB 

n'is 

u'ii 

r&i 

StbCnp. 
0    1    lU 

0  *  aio 

0    *    0  17 

:  1  LI 

u 
11 

1 

6 

s 
1 

1 

fO    9    «    75 

To'ul 
Mb  Crop. 

g 

[^jaj_g 

n 

.t?"^^ 

^S,") 

80-07 

..B-«. 

V  •  •  'V»  ^  'V- «- 

100 


Table  Y^-^eontinued, 

Detailed  Record  of  the  Sewage  applied,  and  of  the  Amounts  of  Gree 
Produce  obtained  in  Experiments  on  Italian  Rye-grass. 

Season  1863. 


Daiss. 


Oct. 


ATonge 
time* 

taken  to 

flllGftttge- 

tuik 

(3*806 

tons). 


Time 

of 
Applica- 
tion. 


8 

6 

6 

7 

8 

0 

10 

IS 

10 

17 

21 


(7*S8tnk8.) 

(a-«o  „  ) 

(3-80  „  ) 

(4-33  .,  ) 

(3-M  „  ) 

(1-87  „  ) 

(5-87  „  ) 

(7-16  ,.  ) 

(4-00  „  ) 


Monthly 
Total 


} 


H.  X. 


Sewage  applied 
(calculated  per  acre). 


Plots. 

(Area 
0*909 
acre.) 


Plots. 

(Area 

0*99631 

acre.) 


Tons. 
24*11 


12*56 


6*19 


Tons. 


8 


26 


14 
11 


82 
76 


17 
23 


16-28 


68*11 


79 
73 


76*88 


Green  Grass  obtained  (calculatedi 
per  acre). 


Without 
Sewage. 


Plotl. 

(Area 

1*00184 

acre.) 


With  Sewage- 


Plot  2. 

(Area 
0*999 
acre.) 


Plots. 

(Area 

0-99831^ 

acre.) 


Hu 


lUi  III 


6th  Crop. 
0    6    0    0 


Total 
6th  Crop. 


0    6    0    9 


6th  Crop. 
0  12    2    1 


0  13    1  15 


CthCrop 
0  17   2   ; 


I  Oil    0 
0  14    2 


e_5^ 


3  16] 


Total 
6th  Oop. 


6    3  16 


[2    3    01 


Total 
6th  Oop 


2    3    01 


*  When  the  tmmber  qf  tanks  is  given,  the  flow  was  too  slow  and  irregular  to  estimate  it  hj  t1 
arersge  time  taken  to  fill  the  gauge-tank,  and  therdiore  the  actual  number  of  tankftils  w 
ooonted. 


Table  VL 

DetioU)  Beookd  of  Food  consumed,  and  Incbeabb  yielded,  by  Oxen  fed  oi 

uoUwi^ED  and  Sewaoed  Meadow  Grass,  with  Oilcaee  in  addition. 

Seabon  1862. 


28 

days,  from  May  8  to  June  5. 

TwaOiimonUnKwiRHlGnB.              .                  £i|^il  Oieii  on  Somced  Orui. 

Parttoulura  or  Ihe  Food  omisumcd. 

GnuB. 

Oil. 

g™. 

H 

ft™ 

'i^^ 

Prom 

«& 

ou- 

■ 

jroon). 

c. 

iiu 

».. 

liu 

Uf. 

M 

>'•(    ; 

0  a   017 

- 

0    8          I 

M 

pj    ■ 

B    1    OM 

" 

VI    " 

2* 

.'! 

do 

0  1  01* 

"on 

It 

" 

0    "       *7 

„ 

0    8    0  18 

s 

„ 

0    8    3M 

h: 

•Oe     , 

M 

* 

■' 

" 

^ 

0     i     1     1 

>■ 

«    »    0    7 

»«H»»inMdwi       •       -        - 

3    3    OlS 

1« 

Tot^licMd^    .         - 

11  18    1  19 

flTt 

*■»««««  per  h<>.d  per  dw       - 

0    101* 

Avenge  per  lieul  per  daf 

0    1    OST 

I 

_______ 

Wekjhm  i 

mlN.^ 

e^sE  o 

PTHE 

DlEK, 

ke. 

Welehti.t 

Pcrl.W01b»,iiv 

.«..,h. 

WciBliU. 

Pcrl.0«01bii.live-T(!tgt 

UVB. 

JunoS. 

In  S3 

Foodconnuncd. 

In- 
woiBlil. 

M^8.   JimeS. 

n 

Id- 

- 

Gnus. 

Oilcokc. 

GniM. 

Ollcuke 

3 

^i 

1 

'^ 

a,. 
i*a 

103 

m 

Ibt. 
171 

SJ-O 

I'm. 
1,330 

1.130 
1, 008 

1.005 

ils 

1.170 
1.15X 

1.1B« 

Ibl. 

140 

S30 

19 

M-4 

<^w. 

UM 

t.Md 

H7 

..        ,      BSB 

8.7TS 

DOS 

v;:^ 

i,iso 

!,!« 

113 

..      1    i.ino      u^2  I   iw 

land  vftbout  ninge,  and  FIM  "  dO"  tanIK*CQX^^Kn4.1M^1K<n9. 


T  Jnol  DanaUnwed  MtB  ■uliape  ctko.  .».„ 


Table  YJ.—cotUhnud. 
■  Detailed  Becord'of  Food  oonBamed,  and  Increase  yielded,  by  Oxen  fed  o 
tr&Mwkged  and  Sewaged  Meadow  Grass,  with  Oilcake  in  addition. 


S  days,  from  June  5  to  Joly  3. 


Two 

sight  Oien  on  Sewxted  Gna. 

-SWW 

or 

-Hh- 

Otwm 

Oil- 

Gnw 

From 

'JS'."^^ 

From 

— 

Jleld. 

Plot.'|c™p. 

sn*nl. 

«eld,      1  Hot.* 

Urop. 

im 

.H£« 

IIU 

1 

PlTMCTB 

8 

0    1    S    6 

Fivo^cn 

in! 

10 

" 

0   1   1  *S 

* 

- 

8 

0           l" 

J 

'*  ! 

;: 

1 

1 

snii 

;; 

J 

0  !  la 

ToUl 

nfflDvi 

.17    Sl« 

m 

Total  m  ra  da;a       •     - 

11    7    0    J 

( 

AVOTK 

[,p*rh«dr 

«r  d.r       . 

0    10    4 

" 

1  AvwsgPiwrheadpi 

rdT 

.... 

Wbiorts  ai 

«D  Incbbabe  or  thb 

0ms, 

&o. 

Weight* 

In- 

Per  l.nOO  lbs.  Uve-wI^iKht 
pn-week. 

Weiehl* 

,.. 

Pi-r  1.000  lbs.  linor 
pwwwk. 

Vm. 

Jniat. 

JalT». 

ips- 

Food  coiunmed. 

^m 

Junes. 

Julys. 

i^ 

G»«. 

oilcake 

JiSht. 

Orm. 

Oa«ke. 

w> 

16*. 

lit. 

N 

16.. 
IB* 

;*.. 

lit. 

B 

1,1  M 
1,1M 

SI 

as 

i 
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Bmu  not  being  r^d;  to 
Ans"*'  0  to  Augoit  29.  in 
*^nm  in  tbe  liallom  line 
aroidtble  invgalaritla. 


■J  1  to  Mar 

!  COWS   lnwl 

'into  lo  thawhola  ftoriodt 


s  flimt  crop  of  nnsBwsged  nmdov 

I  m-RTii«a.  iind  for  20  days,  ft«n 

W  EiWH  ploicf!  but  the  iUuTM 

ipecliTelj  of  then*  lib. 


Table  XIIL 

ScicMARY  of  the  Weights,  Increase  (or  Loss),  and  Yield  of  Milk, 
of  the  Cows  fed  respectively  on  Unsewaged  Meadow  Grass,  on 
Se'^aged  Meadow  Grass,  and  on  Italian  Rte  Grass  (Un* 
sc^waged  and  Sewaged),  each  for  Twelve  Weeks  alone,  and  each 
for  Xwelve  Weeks  with  Oilcake  in  addition. 
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Table  XIII.  .  •  -  .  - 

SuMifABT  of  the  Weights,  Inchease  (or  Loss),  and  Yield  of  Milk,  of  the  Cows  iU 

Italian  Kte  Grass  (Unsewaged  and  Sewaged),  each  for  TwelTH 

Thibi 


Cows. 
Nob. 


Twelve  Weeks  ok  Grass  alokb. 


Wcightn. 


Apr.  27. 


May  25. 


Intor- 
medi&te. 

Juno  8. 


June  22. 


July  20. 


Increase 
(or  Loss) 

in 
Weight. 


Yield  of  Milk. 


First 
Week. 


Last 
Week. 


FivB  Cows.— Ukszwaos 


2 
8 

4t 
6 

Totals  • 

AvcragOB' 


Ibt. 

lbs. 

Ibt. 

lbs. 

Ibt. 

Ibt. 

1,020 

1.064 

1.062 

1.078 

1,114 

94 

1,117 

1.184 

1.177 

1,190 

1,226 

109 

746 

818 

821 

804 

830 

84 

1.089 

1.090 

1,094 

1,009 

1,09 

69 

1,058 

1.112 

1,110 

1,097 

1,142 

84 

6.030 

5.274 

6,264 

6,238 

5,404 

440 

1.00G 

1,035 

1,053 

1.048 

l.OSl 

88 

Ibt.  wet. 
207  12 
236  14 
200  10 
178  0 
280     0 


1,052  4 


210  7 


Ibt.  OZM, 
201  14 
148  4 
144  1 
253  12 
201   4 


919      8 


189    13 


As. 

ne  IS 

178  9 

169  IS 

SSI  IS 

22S  U 


1.019    IS 


203    U 


1 

2t 
8 
4 
6 
6 
7 
8 
9 
10$ 

Totals  - 

Averages - 


1 
2 

8» 

4 
6T 

Totals  • 

AvcrsgcS' 


Tbh  Cows. — Shwaok 


1.0&1 

1.136 

1,121 

1,154 

90 

1,036 

1,010 

1.280 

1.384 

50 

1,030 

1,060 

1.066 

1,146 

116 

1,036 

990 

996 

l.OiO 

4 

1,002 

984 

1,000 

1,029 

27 

880 

956 

958 

1,016 

136 

808 

838 

894 

892 

84 

900 

1.026 

1.068 

1,122 

162 

906 

954 

964 

1,016 

140 

1,320 

1358 

1.186 

1.228 

31 

10,012 

10.312 

10,533 
1.033 

11,055 

840      j 

1,004 

1     1.031 

1,100 

81 

236 
263 
214 
195 


2 
8 

7 
8 


186  9 

212  5 

192  0 

159  8 

226  10 

164  15 


2,047  9 


204  12 


197  11 

261  8 

174  1 

163  9 


166 
208 


6 
0 


161  9 

148  0 

183  2 

841  9 


210  9 

S88  4 

198  7 

198  S 

174  S 
216  3 
188  8 
lea  18 
218  4 

175  18 


1,902 


190   8 


1,973   0 
197   6 


FrvK  Cows.— Ujrgjj^j^Qxp  q 


l.OGG 

1,122 

874 

902 

1,042 

1,106 

1,185 

1,176 

1.114 

1,048 

6.281 

6,851 

1,056 

1,071 

1 

1,122 
878 
1,087 
1.180 
1,128 


5.395 


1,079 


1.140 

74 

910 

36 

1,130 

88 

1,218 

33 

1,184 

-8 

5,582 

223 

1,116 

45 

286  6 

262  0 

♦•285  8 

280  14 

210  1 


1,321    13 


264    15 


248  14 

198  12 

166  2 

215  7 

188  15 


966   2 


191   4 


888  0 

228  IS 

218  11 

S45  18 

188  S 


1.108   9 


£21  11 


*  On  Msy  25,  No.  1  cow  on  unsewaged  meadow  grass,  and  No.  8  cow  on  rye-grass  wero  transpoeed.  and  ft 
weiahts  entered  in  the  Table  arc,  fh)in  the  commencement  in  each  case,  those  of  the  newly  placed  oov. 

t  The  No.  4  cow  on  unsewaged  meadow  gnus  put  up  at  tho  commencement  (April  27)  increaaed  7S11 
by  May  25,  but  diminiahed  considerably  in  yield  of  milk,  and  as  ahe  was  obvionwr  Dattenlnc.  waa  th 
replaced  by  the  cow  whoae  weight  is  eutered  for  that  date ;  and  in  the  oolumos^  inereasem 
and  "yield  of  milk  "  tho  results  obtained  on  the  two  cows,  successive^,  are  given. 

X  Tne  No.  2  cow  on  aowaged  meadow  grass  put  up  at  the  commencement  (April  27)  had  lost  54lfa«. ' 
June  22,  and  being  ill  was  removed  June  24.  and  replaced  by  the  animal  whose  weight  on  June  tS  la  enter 
for  that  dnto;  but  in  the  columns  ** increase  in  weight"  and  "yield  of  milk  "  the  resolts  obftained  od  t 
two  cowtt.  Buecnaively,  arc  given. 

/  The  No.  JO  cow  put  up  at  tlie  commencement  (ApiW  T(\  d\m\ivVAk«Qi  eamMtsttblY  in  yield  of  milk,  n 

sNppiofe  bar  calf  about  June  £2,  waa  then  replaced  by  the  eow  w\»Meii«&|^\i\i\ft  ceiMw^  ^oaaAKt  >aBaJL  «M 

^tf^  /a^tfie  columiiB  "incnuMn  in  weight**  and  **  yield,  ot  vAVk**  Vaa  Tcvalva  ^^AakeaAL  octVaiaW^  «q 


XOi 


•  -  •  -  -        Table  Xm. 

TvpectiTelj  on  Uitbewaobd  Meadow  Grass,  on  Sewaged  ^Ieadow  Gbass,  and  on 
Weeks  alone,  and  eacli  for  Twelve  Weeks  'with  Oilcake  in  addition. 

Seabo^,  1863. 


1 


Twelve  Weeks  oir  Grass  aed  Oilcake. 


Weights. 


Yield  of  Milk. 


Total  24  Weeks. 


In- 
crctse 

in 
Weight. 


Avenge 

Yield 

of  Milk 

per  Week 


MSAPOW 

GEASS.tt 

lbs. 

lbs. 

lbs. 

Jbt, 

Ibt. 

lbs. 

lbs. 

lbs.  oz». 

Ibt.  ozt. 

Ibi.ozs. 

lb8. 

lb9,0£9. 

1438  ' 

1.176 

1.186 

1.199 

1.204 

1.123 

9 

220  16 

229  16 

235    4 

103 

226    0 

1^» 

1,253 

1^4 

1.268 

1.272 

1.246 

20 

156  11 

111    0 

138    6 

129 

158    8 

854) 

878 

899 

897 

839 

866 

36 

156  10 

171  13 

169    4 

120 

169    8 

1.113  ; 

1418 

1.146 

1.141 

1.098 

1.090 

-    2 

274    7 

257    6 

270    6 

67 

851    1 

147»i 

I.IM 

1J67 

1.236 

1.2** 

1.208 

66 

205    1 

183    3 

105    2 

150 

209    0 

S^4     ; 

5^9 

6J72 

5.741 

5.707 

5.533 

129 

1.013  12 

953    5 

1.008    6 

569 

1,014    1 

14«| 

1J24 

1J51 

1.148 

1.141 

1.107 

26 

202  12 

190  11 

201  11 

114 

202  13 

Veadow  Geasb. 


1    .. 

1.183 

1.208 

1.190 

36 

211  11 

168    0 

189  13 

126 

200    3 

1 
1 

1,384 

1.S0I 

1.360 

-  24 

263  12 

196  12 

227    7 

26 

245    6 

1.1S2 

1,174 

1.16S 

22 

174    5 

134  13 

153    3 

138 

172  13 

1.070 

1,090 

1.077 

37 

173    5 

159  11 

160  14 

41 

171    8 

1.019 

1.036 

1.033 

4 

173    6 

126    5 

145    1 

31 

159    9 

1.046 

1,096 

l.lOl 

85 

221    6 

213    6 

211    7 

221 

213  13 

884 

898 

868 

24 

176  14 

131  11 

149    8 

60 

166    0 

..  1 

1,140 

1,190 

1.179 

57 

153    7 

123    6 

141    7 

219 

152    1 

•  • 

1.0iO 

1.087 

1,060 

14 

219  13 

165    0 

193  14 

154 

203    9 

m  • 

1,860 

1.278 

1490 

64 

266  12 

218    2 

244    8 

95 

210    3 

m 

I 
\ 

..        1   11.2W 

11,444  1      ..      i   11.326 

271 

2.033  11 
203    6 

1.639    2 

1.817    2 

1.111 

1.895    0 

1       ..              1.121 

1.144 

■  • 

1.133 

27 

163  15 

181  11 

111 

189    8 

AGED  ITALIAE  BTE  GEASS. 


•  ■ 

1.150 

1,130 

1.121 

1.088 

-  62 

258    3 

216  13 

235  11 

22 

26114 

•  • 

928 

9(2 

934 

914 

4 

194    2 

189    2 

193    1 

40 

200    7 

• 

1,146 

1.169 

1,166 

1.120 

-  10 

168    8 

161    6 

171    9 

78 

192    2 

m  • 

1471 

1499 

1.295 

1420 

2 

223  10 

201    4 

221    2 

85 

233    7 

•  • 

1.193 

1424 

1.334 

1400 

16 

147    6 

130  14 

142  15 

8 

140  10 

..        1     5.684 

6.754 

5.750 

5442 

-  40 

901  13 

899    7 

966    6 

183 

1.037    8 

•  • 

U57 

1,161 

1.150 

1.103 

-    8 

198    6 

179  14 

103    4 

37 

207    8 

had  loKt  by  May  2 
the  column 
are  given. 

_ „       __  cow  on  ryr-gia« 

i»  onljr  given  ftnr  four  out  of  the  M^-en'dlayB  of  the  lirst  ^'eek  of  tho  oxpcrimcnt,  but  in  the  calculationii  th 
yield  per  diem  f^  the  n-maining  three  da.v8  is  assumed  to  be  the  same  an  that  of  the  avera(te  of  th 
cmtnlns  week  of  the  No.  8  cow  put  up  on  May  5.  ,    ,    ^ 

ft  "From  Aprfl  87  to  June  8.  the  tint  crop  of  unsewagcd  meadow  grass  not  being  ready  to  cut.  the  Ave  cow 
iKnninaUy  fed  on  tt  had  Itolisn  nre-gniss,  and  tht-y  alKO  leceivcd  Italian  rye-graKs  from  Aug.  2  to  Sept.  8  i: 
<lcfisiilt  of  vniewsged  grass;  but  the  figures  in  the  coIuilus  "  increa2>\.'  m  y»c\i^\v\i*'  v\\^  ''  V^k\^q\\&:^^'  v 
iiienpecttve  of  tboe  unavoiilsib^  invfuhuitiea. 


JOT4e, 


SraitABT  of  Fo(M>  ooBKnosd,  nd  Uilk  and  laertut  jridded,  bj  Cowi  Ad  tttptetiTelj  on  Ua 
HeadoT  OnM,  on  Beragtd  Hc*do«  QrMi,  and  od  Italian  Bye  Qram  (Unanragcd  and  8 
«Mb  tor  Twelve  Week*  alone,  and  each  for  Twelve  Weekt  with  Oilcake  in  addition. 

Tbikd  Sbuok,  1B63. 


P«Hodi.* 

BCcwi.-Unieng«dH(iad<>w  ||   10  Ccnra.-aewased  Hudow 

SewacedltaU^T^ 

1 

1 

"-TSS"" 

>'  Avenge  per  bead 
Average  ,;            perdiy. 

l-TO. 

Avtrweperhod 

Date*.* 

TMdoon- 
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Table  XLL 

Showing  the  (k>mpo8iti(m  (per  cent)  of  the  Milk  from  Cows  fed  respecthrelj 
Unscwaged  and  Sewaged  Meadow  Grass,  with  Oilcake  in  addition. 

Season  1862. 


Fbod'-Gran  and  Oilcake. 


Bates  of  Collectioiu 


Hay  10. 


June  4. 


July  2. 


Aug.  e.  Sept.  4. 


Octl. 


Mc 


From  8  Cows  1 

on  Unsewaged  Giass. 

Casein          -           •         • 

• 

8-671 

8*209 

8-611 

8-879 

8*682 

8*726 

8 

Butter           ... 

• 

4086 

8-991 

8-661 

4-182 

8*856 

8*880 

3 

Sugar  of  milkpftc. 

• 

8-980 

4*919 

4*667 

4-831 

4-423 

4*684 

4 

Uineral  matter 

- 

0-744 

0-718 

0-778 

0-798 

0-797 

0*728 

0 

Total  solid  matter  - 

12-860 

12-862 

12-607 

12-640 

12*218 

18017 

12 

"Water 

• 

87-681 

87-188 

87-493 

87*860 

87*782 

86*983 

87 

100*000 

100-000 

100-000 

100-000 

100-000 

100-000 

100 

From  12  Cows  on  Sewaged  Grass. 


Casein         .... 

8-664 

8*324 

8*484 

8-189 

3-651 

8-640 

S 

Butter           .... 

8-760 

3-672 

8-469 

8-281 

3-810 

3-879 

S 

Sugar  of  milk,  &c.      .          .        . 

8*951 

4-660 

4*668 

4-677 

4-329 

4-468 

4 

Uineral  matter         .         •         . 

0*761 

0-712 

0*769 

0*768 

0*830 

0*786 

0 

Total  solid  matter    - 

12*016 

12-268 

12-820 

11*010 

18-129 

12*n6 

u 

• 
Water      .... 

87*984 

87-732 

87-680 

88*090 

87-871 

87*224 

87 

100*000 

100*000 

100*000 

100-000 

100-000 

100*000 

100' 
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Table  XLIII. 
Results  of  the  Mecbftnical  Analysis  of  the  Rugby  Soils. 

Composition  per  Cent* 


Plot  1. 


Flot  2. 


Plots. 


Plot  4. 


mCftiL 


FiTs-ACBB  Field. 


Stones  retained  by  1  inch  siere    - 

Stones  pasBin^  1  inch,  and  re-1 
tained  by  ^  inch  sieve    -        -  j 

Stones  passing  }  inch,  and  re-1 
tained  by  \  inch  sieve    -        -  j 

5-59 
9-48 

6*04 

6-95 
7-33 

4*44 

7-49 
7-43 

3-58 

6*01 
6-18 

3*36 

6-51 
7-60 

4-35 

Total  stones 

Moold  passing  ^  inch  sieve 
Hoots,  loss  by  evaporation,  &c.    - 

21-11 

77-77 
1-12 

18*72 

80*36 
0*92 

18-60 

79-80 
1-70 

15*55 

83*29 
1*16 

18-46 

80-31 
1-23 

Total  fresh  mould  - 

78-89 

81*28 

81-50 

84-45 

81-54 

100-00 

100-00 

100*00 

100-00 

100-00 

Tek-acbe  Field. 


Stones  retained  by  1  inch  sieve    - 

Stones  passing  1  inch,  and  re-1 
tained  by  ^  inch  sieve    -        -  j 

Stones  passing  ^  inch,  and  re-1 
tained  by  4  mch  sieve    -        -  j 

1-54 
1-92 

3-04 

2-47 
2*18 

1-72 

3-66 
2-48 

1-98 

2*90 
3*68 

3-43 

2*64 
2-55 

2-54 

Total  stones 

Honld  passing  ^  inch  sieve 
Boots,  loss  by  eraporatlon,  &c    - 

6*50 

92-65 
0-85 

6*37 

91*25 
2*38 

8-07 

90-36 
1-57 

10-01 

89*13 
0-86 

7-73 

90-85 
1-42 

Total  fresh  mould  - 

93-50 

93-63 

91-93 

89*99 

92-27 

100-00 

100-00 

100-00 

100-00 

100-00 

The  mode  of  coUeeting  the  samples  was  as  fbllows : — A  strong  iron  frame,  in  the 
Ibrm  of  the  four  sides  of  a  box  inthont  either  top  or  bottom,  12  inches  square  by 
9  inches  deep,  was  driyen  into  ihB  gronnd  as  much  more  than  9  inches  as  to  allow 
a  Tcry  thin  sod  (only  Jnst  tiudf  enoagh  to  insure  the  removal  of  the  whole  of  tli» 
green  matter)  to  be  taken  off  the  top  of  it  Tlie  contents  of  the  frame  were  them. 
careftiUy  dng  oat ;  and  four  snch  samples  of  12  inches  square  by  9  inches  deep  wens 
trnken  mm  esch  plot,  and  mixed  together.    The  soil  of  each  plot  was  thus  represent«0 

bjr  a  MMmpk,  averaging,  in  the  case  of  the  FWc-sfiro  "Field  t^thet  OYer,  and  m  that  o^ 

tho  Tea-mere  Field  somewhat  under,  300  \\». 
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APPENDIX  No.  2. 


Notes  ox  the  EDiNuuRGn  Sewage  Meadows. 

The  following  statements  relating  to  the  sewage-irrigated  meadows  -*; 
in  the  neighbourhood  of  Edinburgh  are  based  partjj  upon  iuformatioi 
obtained  on  the  spot  from  Mr.  Mc  Pheraon  the  city  surveyor,  and  fro; 
the  occupiei*s  or  managers  of  the  meadows  in  the  respective  localitiesca 
and   partly   upon    correspondence    with   the    latter  gentlemen. 
Mc  Pherson  kindly  provided  information  as  to  the  population,  water 
supply,  springs,  and  area  of  rainfall  and  drainage,  contributing  to  cacW 
set  of  meadows  as  named  or  classed  together  in  Table  I.  below  ;  an^j 
from  the  occupiers  or  managers,  information  as  to  the  area  under  irrigacK 
gation,  and  other  points,  was  obtained.     As,  however,  the  sewage  is  ii  m. 
no  case  passed  over  the  land  the  whole  365  days  and  nights  of  the  ye 
it  must  be  borne  in  mind  that  the  statements  given  as  to  the  amount  c 
population  contributing  to,  and  the  number  of  tons  available  for,  cac 
acre,  do  not  show  the  amounts  actually  utilized  in  each  case,  but  onlJT 
approximately  the   total   amounts  available,  whether  used  or  wastes ' 
The  fact  that  water-closets  are  not  universal  must  also  be  taken  iaW^ 
account. 

Table  I. 


Names  of  Meadows. 


Locbend,  Spring  Gardens,  and  Craigcntinny 
Rosebnm  and  Western  Dairy 
Qaarry  Holes  -  -  .         . 

Brooghton  Bum    .  -  •  . 

The  Grange        -         -  -         -        - 


Imperial 

Acres  under 

Irrigation. 


Approxi- 
mate 
Fopalation 
contribut- 
ing to 
each  Acre. 


285 
80 

8 

6 
16^ 


337 
112 
562 
1,666 
302 


Approximai 
Quantity 

of 
available 

each  Acre 


Tons. 
20,500 
17,000 
65,000 
102,000 
97,000 


1.  Lochend  and  Spring  Gardens. 

The  Lochend  and  Spring  Gardens  meadows,  occupied  by  Mr. 
and  under  the  management  of  Mr.  Peter  Taylor,  comprise  about 
imperial  acres,  and  are  irrigated  by  the  sewage  of  a  large  portion 
Edinburgh  on  its  way  to  the  more  extensive  Craigen tinny  meado 
Mr.  Taylor  estimates  that,  on  the  average,  each  acre  gets  the  flow  o 
stream  of  12  by  S  inches,  at  a  rate  of  2  miles  per  hour,  for  10  days 
16  hours,  annually,  which  is  equal  to  about  31,000  tons  per  aero 
annum.     The  sewage  is  applied  from  about  the  beginning  of  March 
the  end  of  November.     The  herbage  consists  chiefly  of  rough  meado 
grass  {Poa  triviaHs)^  which  is  the  most  prevalent  where  the  ground 
dry,  and  couch  (  Triticum  repens\  which  is  the  second  in  predominant 
and  grows  freely,  but  is  not  so  early  as  the  rough   meadow-g^i 
There  is  also  a  great  deal  of  crow-foot,  more  particularly  where 
drainage  is  imperfect. 

On  a  portion  of  higher  lying  land,  which  is  irrigated  by  the  aid  o: 

water-wheel,  worked  by  the  sewage  stream  itself,  and  where  the  sup 

is  necessarily  more  limited,  Italian  r^'e-gi*ass  is  grown,  which  in  vol 

the  periodical  breaking  up  of  the  land.    After  two  years  under  the 

graas  a  crop  of  potatoes  is  taken,  theiv  Italiaii  ryo-grass  is  sown    _ 

and  8o  on,    Mr.  Taylor  stated  tliat  \i  t\\\tt\Ka!i  eo\S^\»  vxxvijjfcXRAL^ 


al>u II dance  of  sewage  by  gravitation  he  should  prefer  to  lay  it  down  as 
l>erixianent  meadow. 

2.   Craigent'mny. 

The  meadows  at  Craigenlinny,  which  arc  the  property  of  Mr.  Christ ie- 

Nilier,  are  under  the  management  of  Mr.  Bryce.     About  190  acres  of 

permanent  meadow  are  irrigated  by  graA'itation.     A  portion  of  this  area 

consists  of  a  good  loamy  soil,  but  a  part  of  it  Avas  only  barren  sand  beforo 

it  mras  laid  down  for  sewage  irrigation.    During  the  summer  the  sewage 

is  ai>plied  day  and  night,  and  all  that  is  available  is  then  used,  excepting 

during  floods.    The  sewage  is  also  applied  through  a  considerable  portion 

of  tlie  winter,  but  then  during  the  day  only.     Perhaps  it  is  unused  70  to 

SO  dajR  in  the  year.     The  general  plan  during  the  summer  is  to  let  the 

'W'hole  of  the  water  go  over  from  2  to  2^  acres  at  a  time,  changing  every 

3  or  4  hours  during  the  day,  but  less  frequently  during  the  night  ;  and 

the    application  is   so   timed   as   to   get  over,  on   the  average,  about 

^  acres  per  week,  and  to  give  each  acre  such  a  dressing  about  once  in 

three  weeks.     The  applications  are,  however,  less  frequent  during  the 

Winter.    The  distribution  over  about  100  acres  can  be  attended  to  by 

^^®  man  ;  but  the  cleaning  of  the  runs,  keeping  the  roads,  &c.,  rcquii*e 

J^ditional  laliour.     Four  to  five  crops  are  obtained  annually  ;  though 

our,  cut  at   the  proper  times,  generally  yield  better,  and  leave  tlio 

©rbage  in  better  condition  than  when  five  arc  taken.     From  good, 

^**   luanaged  meadows,  with  sewage  as   liberally  ap))lied  as  on  the 

o^'^vitation  meadows  at  Craigentinny,  Mr.  Bryce  thinks  about  60  tons  of 

fe^'eeii  grass  Aould  be  obtained  per  imperial  acre  annually.     The  price 

'J-ries,  according  to  season  and  other  circumstances,  from  Qd,  to  14c/.  per 

^^">  On  the  ground,  standing.     The  produce  consists  almost  entirely  of 

wi^^^  meadow-grass,  which   is   considered  the  most  valuable,  couch, 

a  ^^^  ^^  looked  upon  as  a  very  good  grass  and  of  very  rapid  growth, 

^  *  ^  ^^^ommon  rye- grass,  which  is  also  considered  a  good  grass,  but  not 

?*ve  so  close  a  bottom  as  the  others* 


1^^^-^*  **angement8  are  also  made  for  irrigating  some  higher  lying  land, 
ta  i^^^sing  the  sewage  about  20  feet,  it  being  first  brought  into  a  largo 
^j  *^  liy  means  of  a  deep  underground  drain  from  the  highest  level  of 
^Ij^  ^atural  flow,  and  thence  pumped  into  open  channels  for  surface 
fy^^^itution.  Only  about  60  imperial  acres  are  now  so  irrigated,  but 
^^T'^^^rly  a  larger  area  was  under  the  treatment.  The  application  is 
^^  ^*^Hued  from  April  to  October  inclusive  ;  and  each  plot  gets  six 
Q^  ^^ings,  and  yields  three  cuttings,  annually.  If  it  were  not  for  the 
2,^  ^  of  lifting,  more  of  this  land  would  be  laid  down  as  permanent 
l^l^^ow,  and  much  more  sewage  would  be  put  upon  it  ;  but  the  supply 
t^  ^S  80  limited  by  the  cost  of  application,  Mr.  Bryce  thinks  it  better 
r^k^^^^^v  Italian  rye-grass,  break  up  every  two  years  and  gi*ow  potatoes, 
^^"Vr  rye-grass,  and  so  on. 

3.  Roseburn  and  JVesteni  Dairy, 

|)o|r^^e8e  meadows,  situated  to  the  west  of  the  city,  si  and  second  in 

fo^,./^^  of   extent  and   importance   to   those  of  Craigentinny.      They 

al^^^^^^rly  comprised  100  imperial  acres  or  more,  but  are  now  limited  to 

ri^l  I  ^^  1 80,  having  been  considerably  curtailed  by  the  encroachments  of 

fr^^^^Xrayg,  and  for  other  purposes;  and  as  much  as  1,000/.  per  acre  has 

iVt^jXMently  been   paid   as   compensation.      They  were  laid   down   for 

l*^^^^^tion  by  Mr.  James  Thomson,  who  commenced  his  ovKjrations  in 

^^^^^,  and  they  stiiJ  continue  under  his  oxt!e\W\\l  wv^wwv^ivcvviwV,    \^^\V^jR. 

^oU  18 gravelly,  and  part  loamy,  wllU  a  :iu\>^Vv\  o^  t\vv^.   'V:\\vi  ^.^s^^^ 
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coming  to  these  meadows  includes  the  refuse  from  extensive  slaughter- 
houses, and  also  that  from  a  very  large  distillcrj.  It  is  used  all  the 
year  round,  hoth  day  and  night,  and  on  Sundays  when  it  can  con- 
veniently he  left  to  flow  from  Saturday  night  to  Monday  morning.  In 
summer  the  water  seldom  goes  over  the  same  piece  of  land  more  than  a 
few  hours  together — as  long  as  may  he  necessary  thoroughly  to  soak  it. 
The  land  is  generally  watered  only  twice,  but  occasionally  three  times, 
between  the  cuttings.  In  winter  the  water  is  allowed  to  flow  for  a 
longer  period  over  a  given  area,  in  order  to  '*  feed  "  the  land  as  much 
as  possible.  In  laying  down  permanent  meadow  ibr  irrigation,  Mr. 
Thomson  has  sometimes  sown  a  great  variety  of  grasses,  but  finding 
that  even  when  he  has  sown  15  or  20  different  kinds,  most  of  thom  have 
in  the  course  of  a  few  years  gradually  died  out,  leaving  only  those 
suitable  to  the  soil  and  the  sewage,  he  sometimes  selects  only  three  or 
four,  and  in  one  instance  transplanted  couch  from  arable  land,  and 
reports  that  the  piece  so  treated  is  now  as  good  as  any. 

4.   The  Grange. 

Next  in  extent  to  the  Roseburn  and  Dairy  sewage  meadows  come 
those  of  the  Grange,  situated  to  the  south  of  the  city,  and  farmed  by 
Mr.  Mc  Gill.  The  area  of  these  meadows  is  at  present  only  16^  imperial 
acres  ;  but  it  is  less  now  than  formerly,  having  been  contracted  for  want, 
as  was  stated,  of  a  sufficient  supply  of  sewage.  Indeed,  the  opinion 
given  by  Mr.  Mc  Gill,  junior,  was,  that  the  greater  the  amount  of  water 
applied  the  better.  The  Table  (p.  198)  shows  that  tl\e  population 
within  the  area  contributing  to  these  meadows,  and  the  amount  of  fluid 
available  per  acre,  are,  however,  very  large.  On  the  other  hand,  tho 
district  is  but  imperfectly  provided  with  water-closets,  and  the  sewage 
is  probably  very  dilute.  The  flow  is  frequently  shifted  only  once  a  day, 
though  sometimes  three  or  four  times,  and  in  the  spring,  before  the  first 
cutting,  generally  as  much  as  twice.  The  water  is,  as  a  rule,  applied  the 
day  the  grass  is  removed.  The  application  is  continued  through  the 
greater  part  of  the  winter,  excepting  wh^re  the  last  crop  has  been  fed 
ofil  Perhaps  the  sewage  is  unused  about  six  weeks  in  the  year.  The  land 
is  heavy,  and  rather  steeply  inclined.  To  a  few  plots  on  one  side  of 
the  valley  sewage  is  applied  by  gravitation,  through  a  pipe  carried 
across  from  a  higher  level  of  the  natural  flow  on  the  opposite  side. 

The  herbage  contains  no  clover  ;  and  is,  in  fact,  very  soon  brought 
down  to  a  very  simple  chaiucter.  It  contains  much  couch,  and  also  in 
some  ports  a  good  deal  of  crow-foot.  When  the  plots  are  well  managed 
four  or  five  cuttings  ore  obtained  during  the  season.  The  crops  of 
1862  were  sold  at  sums  varying  from  13/.  to  38/.  5«.  per  imperial  acre  ; 
the  difierence  depending  much  upon  the  amount  of  sewage,  the 
character  of  the  land,  the  aspect,  and  the  previous  management  of  the 
cuttings,  all  of  which  afiect  the  amount  and  character  of  the  produce  ; 
but  the  convenience  of  position  for  cartage,  proximity  to  other  plots 
held  by  the  purchaser,  and  other  incidental  circumstances,  also  some- 
times afiect  the  rates  given  for  individual  plots  considerably. 

Mr.  McGill  was  of  opinion  that  \QYy  much  depended  upon  the 
quantity  and  strength  of  the  sewage  applied,  and  stated  that  portions  of 
the  land  which  had  been  irrigated  by  comparatively  strong  sewage 
were  much  more  productive  than  others  irrigated  by  almost  pure  water. 

5.  Rose  Banky  Broughion  Road, 

These  meadows,  under  the  management  of  Mr«  William  Reid,  comprise 
a  little  more  than  six  imperial  airxes,  aix4  Y\»!ve  \k«;ii  '^qisl^  \£t\%%ftiQa 


about  30  yeATB.  They  are  watered  about  II  months  in  the  year,  at  a 
cost  of  two  shillings  per  week,  given  to  a  labourer  who  does  the  work 
of  application  at  his  meal-times  and  in  over-time.  The  runs  are« 
however,  cleaned  out  in  the  winter  by  extra  labour,  paid  for  by  the  sale 
of  the  refuse,  which  commands  about  2s.  6d.  per  ton.  As  the  Tablo 
shows,  the  qaantitj  of  sewage  available  is  enormous,  being  about 
lOO^OOO  tons  per  acre  per  annum.  Mr.  Reid  considered  that  quantity 
of  water  was  a  very  important  point,  but  that  his  supply  was  sufficient 
for  c<msiderably  more  land.  He  had  not  any  more,  however,  at  a 
convenient  level,  and  did  not  consider  that  it  would  pay  to  l>e  at  any 
expense  in  raising  the  sewage.  The  irrigation  is  continued  throughout 
the  g^reater  part  of  the  winter  as  well  as  in  the  summer,  and  on  Sundays 
as  well  as  on  other  days.  The  water  is  applied  to  the  same  plot  for 
three  or  four  consecutive  days,  and  the  land  gets,  on  the  average,  two 
such  dressings  for  each  cutting.  It  is  considered  better  not  to  apply 
the  sewage  immediately  after  cutting,  but  to  wait  a  few  days  until  the 
grass  has  begun  to  shoot.  The  water  does  not  run  off  the  land  clear. 
Four  or  five  cuttings  are  obtained  annually.  The  plots  are  from  one- 
quarter  to  half  an  acre  each,  and  they  let  at  rates  which  amount  to 
from  25/.  to  30/.  per  imperial  acre. 

Mr.  Beid's  supply  of  sewage  being  so  abundant,  and  having  garden 
ground  lying  conveniently  for  its  application,  he  occasionally  applies  it 
to  about  two  acres ;  but  he  stated  that  he  would  go  to  very  little 
expense  in  arrangements  for  the  application  of  such  small  quantities  as 
could  be  so  used.  The  garden  crops  for  which  the  sewage  was  found 
to  be  the  most  useful  are  turnips,  cabbages,  and  onions. 

6.  Quarry  Holes. 

The.Quan7^Hol§8..m^pws,   farmed  by  Mr.   Thomas   Skirving, 
Comprise  only  about .  eight .  imperial  acres,  and  the  amount  of  sewage 
^railable  per  acre*  is  very  large,  being  about  65,000  tons  per  annum. 
^Iie  wjiple  is  in  permanent  meadow.    The  sewage  is  applied  day  and 
Slight,  and  on  Sundays,  the  whole  year  round,  excepting  during  very 
liard  frost."    A  plot  of  an  acrerixnore  or  less,  receives  the  supply  for 
^bout  two  days  at  a  time,  and  gets  three  such  dressings  between  the 
mattings  ;  but  the  water  is  not  put  on  until  two  or  three  days  after 
cutting,  nor  is  it  considered  desirable  to  apply  it  when  the  grass  is  far 
mdvanced.    As  the  Table  shows,  the  amount  of  population  contributing 
'to  each  acre  is  greater  in  the  case  of  these  meadows  than  in  that  of  any 
other  in  the  neighbourhood  of  Edinburgh,  excepting  those  of  Rose  Bank, 
and  the  amount  of  water  is  also  very  large.    There  is  no  doubt  that 
there  is  very  extravagant  expenditure  of  manurial  constituents  here,  as 
there  is  indeed  in  all  the  other  cases  ;  but  it  must,  at  the  same  time,  be 
admitted  that  it  is  under  these  conditions  that  a  greater  amount  of 
produce  is  obtained  per  acre  under  the  influence  of  sewage  than  any- 
where else,  and  perhaps  among  all  the  Edinburgh  sewage  meadows 
thoee  of  the  Quarry  Holes  stand  second  to  none  in  point  of  evenness  of 
herbage,  and  amount  and  value  of  produce  per  acre.     The  prevailing 
grasses  are  rough  meadow-grass  and  common  couch. 
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APPENDIX  No.  3. 

Notes  ox  the  Sewage-ikrigated  Meadows  at  Beddington  near 

Croydon. 

The  following  particulars  were  obtained  on  the  spot^  partly  from 
Mr.  Latham  the  engineer  to  the  Croydon  Local  Board  of  Ilealth,  and 
partly  from  Mr.  Marriage,  junior,  son  of  the  gentleman  who  rents 
and  farms  the  iirigatcd  meadows. 

The  population  of  Croydon  contributing  to  the  sewage  tanks  is 
about  16,0()0  ;  and  the  water  contributed  to  them  is  estimated  at  about 
40  gallons  per  head  per  day  without  rainfall,  and  to  average,  the  year 
round,  perhaps  60  gallons  p'^r  head  i)er  day  with  rainfall.  These 
amounts  are  equal  to  about  65  tons  per  head  per  annum  without,  and 
98  tons  with  rainfall.  About  300  acres  are  rented  by  the  Board  at 
4/.  per  acre  without  sewage,  and  sub-let  to  Mr.  Marriage  at  5/.  per 
acre  with  sewage.  Up  to  Midsummer  1864,  260  acres  had  been 
prepared  for  irrigation,  of  which  about  250  might  be  considered  as 
actually  under  irrigation  during  the  year.  It  was  intended  to  have 
90  to  100  acres  constantly  under  Italian  rye-grass,  but  as  yet  not  so 
larffe  an  area  was  under  that  crop. 

The  plan  of  irrigation  is  to  let  the  sewage  flow  over  from  20  to  30 
acres  for  about  four  days  and  nights,  and  to  give  three  such  dressings 
between  each  cutting.  As  much  of  the  water  as  can  be  recovei'ed 
for  the  purpose  is  re-distributed,  and  in  this  way  a  large  proportion 
is  always  used  at  least  twice,  sometimes  three,  and  even  foui*  times 
over,  and  on  the  average  about  two  and  a  half  times,  by  which  itj» 
utilisation  and  purification  are  rendered  much  more  complete  than 
otherwise  would  be  the  case.  According  to  the  figures  given  above 
there  are  about  6,250  tons  of  the  dilute  sewage  with  rainfall  annually 
available  for  each  of  the  250  acres  ;  but  as  so  much  of  the  water  is 
re-used  the  average  amount  passing  over  each  acre  is  very  much  mora 
There  are  also  annually  available  ^r  each  acre  the  excretal  matters  of 
about  64  individuals  of  the  mixed  population  of  both  sexes  and  all 
ages. 

The  land  under  sewaged  Italian  rye-grass  is  estimated  to  yield  at 
least  four  cuttings,  and  from  30  to  35  tons  of  green  produce  per  aero 
per  annum.  The  cuttings  commence  in  April,  and  last  to  the  end  of 
October,  and  even  into  November.  This  grass  sells  for  about  25*. 
per  ton  in  London,  and  is  estimated  to  realise  from  16  to  17  shillings 
per  ton  on  the  land.  The  sewaged  meadow-grass  also  yields  at  least 
four  cuttings  annually,  but  it  is  much  less  liked  than  the  Italian  rye- 
grass by  the  London  feeders,  and  is  generally  sold  on  the  land  by  the 
rod,  or  grazed,  and  is  estimated  to  yield  several  pounds  less  gross 
money  return  per  acre  per  annum  than  the  rye-grass. 

Mr.  Marriage  does  not  apply  the  sewage  in  any  syjstematic  way  to 
any  other  crops  than  permanent  meadow  and  Italian  rye-grass,  bat 
was  about  to  try  it  on  a  small  scale  to  mangolds. 

There  was  a  proposition  under  consideration  by  the  Board  to 
enlarge  the  area  by  100  to  150  acres,  which,  notwithstanding  the 
rapid  increase  of  the  population  and  of  the  sewage  of  the  district,  will, 
if  carried  out,  considerably  reduce  the  number  of  population  con- 
tributing, and  the  amount  of  sewage  available,  to  each  acre  annually. 

About  180  tons  of  moist  solid  matter  are  annually  deposited,  or 

intercepted  by  the  strainers,  at  the  tanks,  and  are  sold  by  the  Boai^d  at 

a  very  low  price  per  ton. 

Before  the  above  arrangements  for  paa&vivg;  the  sewage  of  Croydon 

over  the  land  were  made,  the  Board  ^ete  cQTi%\AXi>X>f  ^^]^^^^t^J^v^\ss^«l 
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proceedings  on  account  of  the  pollatlon  of  the  river  Wandle  by  the 
^ischar^e  of  the  sewage  into  it ;  but  now  those  having  the  right  of 
-fthe  fishing  in  the  river  have  found  it  worth  while  to  put  down  gratings 
prevent  the  fish  ascending  the  drainage  outfall  from  the  sewage- 
rrigated  land. 
In  the  following  Table  are  collected  together  the  results  of  some 
artial  analyses  of  Croydon  sewage,  drainage,  &c.,  which  have  been 
indly  cmnmonicated  by  Mr.  Latham.  The  first  four  analyses  are 
iven  on  the  authority  of  Messrs.  Way,  Evans,  and  R.  D.  Thomson, 
d  the  raooainder  on  that  of  Messrs.  n  ay  and  Evans  alone. 


mm. 


L — ^Besults  of  the  Analysis  of  the  Water  of  the  Biver  Wandle, 
and  of  the  Sewage  of  Croydon  before  and  after  Irrigation. 


Oraina  por  Gallon. 

Inorganic 

Organic 
Matter. 

Total 

Solid 

Matter. 

Ammonia. 

Samples  collected  October  1861. 


^Biver  Wandle  abore  acwage  outfkll 
^Do.  do.  below  sewage  outfMl 
^gkwage  fktnn  ao  independent  aewer 
^SDnunage  after  sewage  irrigatioa 


i8'5e 

1*44 

20*00 

20*16 

2*06 

22*24 

48*80 

62*20 

100*60 

23*40 

2*40 

26*80 

0*18 
0*18 
6*70 
0*21 


Samples  collected  November  16, 1861. 


^ewage  before  reaching  the  tank,  11  a.m.     • 

-^)ndnage  after  sewage  irriatioo^  1&80  pan.  • 

Do.       do.      do.         do.        2JM>  pan.  • 

Do.       do.       do.         do.         4i30  p  jn.  • 


26*80 

12*80 

89*10 

21*26 

6-60 

27*75 

26*80 

2*40 

28*70 

26*60 

3*46 

28*96 

Samples  collected  November  18, 1861  (after  a  shazp  frost). 


Drainage  after  sewage  irrigation,  2  p  jn. 
Do.       do.      do.         da       4p.ni. 


The  above  analyses  do  not  show  what  proportion  of  the  several 
constitnents  existed  in  suspension  and  solution  respectively ;  and,  of 
the  two  samples  of  sewage,  that  collected  November  16  contained, 
even  before  reaching  the  liuid,  comparatively  little  solid  matter  of  any 
kind.  So  far,  however,  as  can  be  judged  from  these  few,  and  little 
more  than  initiative  results,  it  would  appear  that  the  water  was  to  a 
considerably  greater  degree  purified  by  its  passage  over  and  through 
the  land  than  was  the  case  in  the  Rugby  experiments,  in  which  the 
arrangements  did  not  admit  of  the  fluid  being  used  two  or  three  times 
over  as  with  the  more  extended  area  at  Croydon.  The  subject  of  the 
composition  of  the  drainage-water  passing  from  land  liberally  sewaged, 
but  nnder  arrangements  for  the  re-distribution  of  the  water  until  it 
18  as  far  as  practicable  both  utilised  and  purified,  is,  however,  one  of 
great  importance,  still  requiring  careful  investigation. 
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REPORT    OF    EXPERIMENTS, 


PART   L 

Introductory    Observations,  and    Notice    op    previous 

Experiments. 

It  seems  to   have   been  established   by  experience  that   malt, 

given  in  moderate  proportion,  in  admixture  with  other  food,  is 

much  relished  by  most  of  the  animals  of  the  farm,  and  that  it 

freqaendy  exercises  a  beneficial  influence  upon  their  health  and 

progress,    more   especially   in   the    case    of   young   or   weakly 

animals.     There   are,    however,    so   far   as    we   are   aware,    no 

accounts  on  record  showing  either  a  greater  amount  of  milk,  or 

a  greater  amount  of  increase  in  live-weight,  from  the  use  of  a 

given  amount  of  malt  than  from  that  of  the  amount  of  barley 

firom  which  it  would  be  produced.     On  the  contrary,  all  the 

trials  with  which  we  are  acquainted,  in  which  weights   have 

been  accepted  as  the  measure  of  the  result  produced,  have  shown 

a  better  yield  from  a  given  amount  of  barley  than  from  the 

amonnt  of  malt  that  would  be  produced  from  it.     At  the  same 

time,  it  must  be  admitted  that  the  evidence  of  some  observers 

appears  to  show  that,  so  far  as  quality  is  concerned,  the  meat  of 

animals  receiving  a  certain  amount  of  malt  in  their  food  ranks 

deservedly  high,  and  in  a  few  cases  in  which  the  trials  have 

been  comparative  it  has  been  pronounced  to  be   higher  than 

when  barley  instead  of  malt  was  employed. 

In  the  trials  the  results  of  which  it  is  the  object  of  this 
^port  to  record,  20  milking  cows,  20  fattening  oxen,  60  sheep, 
**^  48  pigs  have  been  experimented  upon.  Most  of  the  experi- 
^'^^U  were  arranged  to  compare  the  effects  of  a  given  amount  of 
^ley  with  those  of  the  malt  (and  its  dust)  produced  from  an 
equal  amount  of  barley  taken  from  the  same  stock  ;  and  although 
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the  quality,  both  of  the  milk  and  the  meat  produced,  has  not 
been  overlooked,  the  weighty  whether  of  milk  or  increase,  has 
been  taken  as  the  chief  measure  of  the  effect  produced. 

Before  detailing  the  results  of  these  new  experiments  it  will 
be  well  to  give  a  brief  summary  of  the  results  of  any  former 
experiments  in  which  weights  have  been  carefully  taken  and 
recorded. 

I. — The  Experiments  of  Drs.  T.  and  R  D.  Thomson,  in 

1845-6. 

In  1845—6,  the  late  Drs.  Thomas  and  Robert  Dundas  Thom- 
son, of  Glasgow,  made  experiments  on  the  relative  qualities  of 
barley  and  malt  as  food  for  stock.     From  June  24  to  September  - 
3,  1845,  they  experimented  upon  two  milking  cows,  and  from^ 
October  1,  1845,  to  January  16,  1846,  upon  two  fattening  oxen_ 
The  results  of  their  inquiry  are  recorded  in  an  official  report* 

1.   The  Experiments  with  Cows, 

In  the  experiments  with  the  two  cows  both  animals  were  ke 
upon  the  same  description  of  food  for  a  certain  number  of  da^* 
in  no  case  exceeding  16,  and  then,  sometimes  with,  and  som 
times  without  a  short  interval,  they  were  put  upon  the  food 
results  of  which  were  to  be  compared  with  those  of  that  pre 
viously  given. 

It   is   unfortunate  that  so  few  as  two   animals  were   taker 


though  it  would  doubtless  have  been  very  difficult  for  the  D 
Thomson  to  have  followed  out  their  elaborate  inquiry  with 
larger  number.     It  is  also  much  to  be  regretted  that  the  duratii 
of  each  experiment  was  so  short,  that  there  was  such  a  frequ 
change  of  food,  and  that  (as  was  the  case  with  the  cows)  tJTI 
periods  during  which  the  foods  to  be  compared  with  one  anott^a 
were  given  were  successive  instead  of  parallel. 

The  following  is  a  summary  of  the  Drs.  Thomson's  resi 
with  cows,  calculated  from  the  records  given  in  the  Report, 
arranged  in   a    convenient  form   for  showing  the    comparat. 
effects   of   barley  and    malt   in    the  different   experiments, 
experiments  1  and  2  the  barley  and  malt  were  given  entire, 
in  experiments  3,  4,  and  5  they  were  crushed,  and  in  all  tT 
were  steeped  in  hot  water  before  being  given  to  the  animals. 


*  Reports  to  Her  Majesty's  Government  in  respect  to  Feeduur  of  OiUdtt 
Kialt,  AprU,  1846. 
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Tabls  I.— Calodlatid  Summabt  of  the  Dbb,  Thomson's  Expsbiments  with  Cows. 


Food  ooDsmiMd. 


Totri. 


BerHeMl 
perDny. 


Per  1000  lbs. 

Live-weight 

per  Week. 


To  produce 

100  lbs. 

Milk. 


Increue 

(or  Lo88) 

in 

Live-weight. 


Milk  yielded. 


Total 


P«rHead 
per  Day. 


Per  1000  lbs. 

Live-weight 

per  Week. 


Experiment  1. — ^Two  CJows ;  Special  Food — Barley ;  Period  1 1  Days. 


Lbe. 

95 
1880 


Lbii 

4*3 

85*5 


LbB. 

80*1 

595*4 


Lbe. 
21*3 
420*9 


} 


Lbs. 
-41 


Lbs. 
447 


Lbs. 
20*3 


Experiment  2.— Two  Cows;  Special  Food— Malt ;  Period  10  Days. 


Eiperunent  3.— Two  Cows ;  Special  Food— Barley ;  Period  16  Days. 


Experiment  4.— Two  Cows ;  Special  Food— Malt ;  Period  16  Days. 


**xperiment  5. — ^Two  Cows ;  Special  Food — Barley ;  Period  5  Days. 


Lfai. 
116 
264 


Lbii 
11-6 
26-4 


Lbs. 

78*9 

179*5 


Lbs. 
57*2 
130*2 


}- 


Lbs. 
21*5 


Lbs. 
203 


Lbs. 
20*3 


Lbs. 
141 


Um. 

112 
1700 

Lbs. 

5*6 

85*0 

Lbs. 

38*6 

585*2 

Lbs. 
28-4 
431*5 

Lbs. 
}  -22 

Lbs. 
394 

Lbs. 
19-7 

Lbs. 
136 

Ubi. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

282 

8*8 

59*7 

40*7 

\ 

6 
532 

0*2 
16*6 

1-3 
112*6 

0*9 
76*8 

89 

693 

21*7 

147 

763i 

23*9 

161-6 

110*2 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

6 

0-2 

1*8 

0*9 

1 

336 

10*5 

71*2 

51*3 

}     7*5 

655 

20*5 

139 

882i 

27*6 

186*8 

134*7 

1 

Lbs. 
138 


U|  the   experiments   of  the   Drs.   Thomson   screened    malt, 

^^out  the  malt  dust,  was  employed,  and  the  exact  proportion 

wf  the  malt  to  the  barley  from  which  it  was  produced  was  not 

^J^^rded.     In  the  above  Table  (L),  therefore,  the  figures  relating- 

^    t^ialt  represent  the  actual  amounts  of  malt  given,  and  not  the 

i^^Ounts  of  barley  from  which  the  malt  would  be  produced,  as 

^e  case  in  most  of  the  Tables  embodied  in  this  Report. 
^^^"Xlie  table  shows  that  in  each  of  the    comparative   trials   a 
^^^^ter  weight  of  screened  malt  than  of  barley  was  consumed 
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for  the  production  of  a  given  amount  of  milk  ;  and  if  the  figua 
were  amended  so  as  to  represent  ihe  amount  of  barley  ir* 
which  the  malt  had  been  produced,  the  results  would  of  coia 
appear  still  more  unfavourable  to  the  malt^ed  as  compared  wj 
the  unmalted  barley. 

2.  The  Experiments  with  fattening  Oxen. 

In  all  the  experiments  of  Dr.  Thomson  with  oxen  the  barlej 
or  the  malty  as  the  lease  might  be,  was  ground  and  mixed  into 
mash  with  hot  water  before  being  given.  Each  comparati^ 
experiment  was  parallel  as  to  time,  instead  of  successive  as  i 
the  case  with  the  cows ;  but  only  one  animal  was  put  on  eac 
description  of  food,  the  one  receiving  barley  being  designated  s 
BuUock  ^^A,"  and  the  one  receiving  malt  as  Bullock  ^B 
There  were  five  periods  of  experiment,  one  of  14,  one  of  15,  oi 
of  11,  one  of  17,  and  one  of  18  days,  in  some  cases  with,  and  i 
some  without,  an  interval  between  the  periods,  which,  tog^the 
extended  from  October  1,  1845,  to  January  16,  1846,  making 
total  period  of  108  days,  out  of  which  the  animals  were  and 
exact  experiment  only  75  days. 

The  following  is  a  calculated  summary  of  the  results  obtains 
during  the  five  separate  periods,  amounting  to  75  days  in  all. 

Tabls  II. — Caloitlatsd  Summabt  of  Db.  Thomson's  Expebdoents  with  Bi 


Food 

ooDsomed. 

Incaneaae  in  LIfe-w 

TotaL 

Per  Head 
perDsy. 

Per  1000  IlM. 

Live-weight 

per  Week. 

Toprodaoe 

100  lbs. 

Increaae. 

Total. 

Per  Head 
perWedc. 

L 

1 

Barley      .. 
Bullock  A.    ^^•-     " 
,  Roots 

Mftlt . . 
Bullock  B.     gj^-      :; 
Boots 

Lba. 
766 

876t 
55} 
1904 

768 

1008 

55 

1904 

Lbs. 
10-2 
11-7 

0-7 
25-4 

10-2 

13-4 

0-7 

25*4 

Lbt. 

64*5 

73-9 

4-7 

160-4 

54-0 

70-8 

3-9 

133-8 

Lba. 

411-8 

471-3 

29-8 

1023-7 

376-5 

494-1 

270 

933-3 

Lba. 
186 

4 

204 

Urn. 
17-4 

19-0 

It  will  be  obvious  that  no  very  satisfactory  conclusions  can  1 
formed  from  results  obtained  with  single  animals  only  in  ea< 
and  over  such  short  periods  as   those  adopted   in  the 


case. 


experiments ;  but,  under  the  conditions  stated,  the  resolts  we 
as  follow : 

During  the  first  14  days  the  Bullock  A,  on  barley  and  ha 
gave  more  increase  than  Bullock  B,  on  malt  and  hay,  ai 
required  less  food  to  yield  a  given  amount  of  increase. 
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For  two  or  three  weeks  from  the  conclusion  of  the  above 
experiment  the  animals  suffered  from  foot  disease  accompanied 
with  fever,  then  very  prevalent.  On  recovery  the  comparative 
trial  was  resumed  for  15  days,  Bullock  A  having  barley,  hay, 
and  roott,  and  Bullock  B  malt,  hay,  and  roots.  The  result  was 
>g&in  in  favour  of  the  unmalted  barley,  both  in  regard  to  the 
Actual  amount  of  increase  in  live-weight  and  to  the  amount  of 
koi  required  to  yield  a  given  amount  of  increase. 

The  next  period  was  consecutive  with  the  last,  and  extended 
OTer  11  days.  During  this  period  the  turnips  were  found  to  be 
much  diseased,  and  both  animals  suffered  in  consequence,  espc- 
cialljr  the  one  having  barley,  which  gave  much  less  increase 
dum  the  other. 

The  next  period  was  one  of  17  days,  was  consecutive  with 
the  preceding  one,  and  the  weights  were  considerably  in  favour 
of  the  bullock  having  barley. 

The  fifth  and  last  period  commenced  10  days  after  the  con- 
clusion of  the  preceding  one,  lasted  18  days,  and  the  result  was 
in  favour  of  the  malt. 

^  The  Table  (II.)  gives  the  results  of  these  five  periods  collec- 
tiTelj.  It  is  seen  that  Bullock  B,  receiving  malt,  gave,  under 
the  conditions  stated,  rather  more  increase  than  the  Bullock  A, 
receiving  barley,  and  also  consumed  less  malt  to  yield  a  given 
amoont  of  increase  than  the  other  did  of  barley.  But  if  the 
comparison  were  made,  not  between  the  actual  weights  of  barley 
•nd  malt,  respectively,  that  were  consumed,  but  between  the 
^oont  of  barley  actually  consumed  in  the  one  experiment,  and 
ue  amount  of  barley  from  which  the  malt  consumed  in  the 
other  would  be  produced,  the  result  would  then  be  found  to  be 
^  favour  of  the  unmalted  instead  of  the  malted  barley. 

With  fattening  bullocks,  then,  as  with  milking  cows,  the 
'Holts  obtained  by  the  Drs.  Thomson  were  unfavourable  to 
the  use  of  malted  as  compared  with  unmalted  barley,  and  the 
inclusions  they  drew  on  the  subject  were  consistent  with 
^  result  here  stated. 

•L--EXPERIMENTS  AT  BOTHAMSTED,  IN  1848,  1849,  AND  1854. 

1.  The  Experiments  in  1848  and  1849,  with  Sheep.* 

.  A  summary  of  the  results  obtained  under  this  head  is  given 
"» the  foUowing  Table  (III.). 

'  Agricultural  Chemistrj :    Sheep  Feeding  and  Manure.*     ('  Journal  of  the 
^y^  Agricultuna  Society  of  England/  Vol.  X..  Part  I.) 
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Tablb  m. — SuMMABT  OF  Bbsults  obtained  at  Bothahsted,  in  1848  and 

with  Shekp. 


Food  ooDSumed. 


Total. 


Per  Head 
per  Day. 


Per  100  lbs. 

Live-wei|dit 

per  WeeL 


Toprodooe 

100  lbs. 

Increase. 


Incrase  in  Live-we 


Total. 


Per  Head 
per  Week. 


Pe 
Lii 

pe 


Experiment  1. — From  June  5  to  October  17,  1848  =  19  Weeks  and  1  Day ;  under 


Lbs. 

Lba. 

665 

ro 

1986 

3*0 

625 

0-94 

1974 

2-9 

Lbs. 

5-2 

15-6 

5-0 
15-7 


Experiment  2. — From  March  20  to  May  29, 1849  =  10  Weeks ;  under  Covei 


iMalt  (and  Da6t)| 
ground  ..      ../ 
Mangolds 


Lbs. 

280 

3867 

283 
4694 


Lbs. 

ro 

13-8 

0-81 
15-2 


I 


Lbs. 

5-0 

69-1 

4-0 
66-5 


Lbs. 
346 

4774 

270 
4470 


} 


Lbs. 
81 

105 


Lbs. 
2*03 

2-09 


Experiment  3.-— From  March  20  to  May  29,  1849  =  10  Weeks ;  under  Cor< 


{Barley    (ground^!    „gQ 
and  steeped)     / 
Mangolds.. 

IMalt  (and  Dust^i 
Mangolds.. 

{Malt  (and  Dust)| 
ground  ..      ../ 
Mangolds . . 


Lbs. 

Lbs. 

280 

1-0 

5322 

16-8 

227 

0-81 

4458 

15-9 

350 

ro 

5404 

15-4 

Lbs. 

4-8 

90-5 

3-8 
74-5 

4-9 
75-0 


Lbs. 

Lbs. 

Lbs. 

276 
5243 

[  loii 

2-53 

291 

78 

1-97 

5715 

i 

324 

5004 

108 

2-16 

Experiment  4.-— From  March  12  to  May  14, 1849  =  9  Weeks ;  folded  in  the  ^ 


Barley      ..     .. 

27  Sheep    Clover  Chaff  .. 

Swedes  (ad  Ub.) 

Lbs. 
851 
851 

. . 

Lbs. 
0-5 
0-5 

.  * 

Lbs. 
2-5 
2-5 

« • 

Lbs. 
182 
182 

•  • 

Lbs. 
468 

Lb^ 
1*92 

Malt  (and  Dust) 
27  Sheep    Clover  Chaff   .. 
( Swedes  (ad  Ub.) 

680 
851 

• . 

0-4 
0-5 

•  • 

2*0 
2-5 

.  • 

156 
194 

•  • 

437i 

1*80 
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In  experiment  1  the  design  was   to  give  equal   weights   of 
barlej  and  of  malt,  1  lb.  per  sheep  per  day,  but  not  quite  so 
mnch  of  the  malt  was  consumed.     The  complementary  food  was 
10  both  cases    clover-chafi^   which,  with    water,   was    given   ad 
iSntumj  but  weighed,  and    the   experiment  was    continued  for 
19  weeks.     The  Table  shows,  not  only  that  the  sheep  having 
nninalted  bariey  gave  a  greater  actual  increase  in  live-weight, 
hit  also  that  it  required  a  greater  weight  of  malt  than  of  barley 
toyield  a  given  amount  of  increase.     The  result  was  in  reality 
till  more  unfavourable  to  the  malt  than  the  figures  show,  for  the 
fll  lbs.  of  screened    malt    consumed    to    produce    100  lbs.    of 
increase  would  have  required  about  645  lbs.  of  barley  to  produce 
1^    whereas   only   479  lbs.    of  raw    barley    were    consumed   to 
pixxiuce  100  lbs.  of  animal  increase. 

In  the  second  experiment,  as  in  the  first,  the  sheep  were  fed 

tender  cover.     The  plan  was  to  give  to  one  lot  1  lb.  of  barley 

pC!r  head  per  day,  to  another  the  amount  of  malt  and  malt-dust 

pi"cxluced  from  1  lb.  of  barley,  and  to  both  mangolds  ad  libitum^ 

*^Ot  weighed.     The  barley  and  the  malt  were  ground  ;  and  the 

^^periment  was  continued  for  ten  weeks,   with  four  sheep  on 

^l^e  barley,  and  five  on  the  malt  diet.     As  the  figures  stand,  the 

*"^sult  appears  considerably  in   favour  of  the  malt ;    and   even 

^^keQ  the  malt  and  malt-dust  consumed  are  calculated  up  to  the 

^^Xiount  of  barley  from  which  they  would  be  produced,  the  result 

^^  still  slightly  in  favour  of  the  malt  as  regards  the  amount  of 

•^ckkI  required  to  produce  a  given  amount  of  increase  in  live- 

^^cight 

The  plan  of  experiment  3  differed  little  from  that  of  experi- 

*^<nt  2.     In    the    first   pen   the   amount   of  barley,  and  in  the 

end  the  amount  of  malt,   with  its  dust,    were  the    same  as 

fore,  but   each   was  now  steeped  for  some   time  as  well    as 

S^^and    before    being    given.      In    the   third    pen    each    sheep 

**^ceived  1  lb.  of  malt  (with  its  dust)  per  head  per  day,  that  is, 

^*^e  same  weight  as  those  in  pen  1  received  of  barley,  instead  of, 

*^  in  pen  2,  only  as  much  as  would  be  produced  from  1  lb. 

^*  barley,  and  instead  of  being  both  ground  and  steeped,  the 

^*It  was  now  only  ground.     Comparing  the  result  of  pen  1  with 

"^ley  ground  and  steeped,  with  that  of  pen  2  with  malt  both 

^^Und  and  steeped,  it  is  decidedly  in  favour  of  the  unmalted 

^rtey,  and   of  course   more  so  than   the   figures   show  if   the 

5^ount  of  malt  consumed   be  reckoned  up  to   the    amount  of 

^rtey  from  which  it  would  be  produced.     The  result  of  pen  3 

^*th  the  increased  amount  of  malt,  but  only  ground,  and  not 

^^^rwards  steeped,  is  still  more  unfavourable  to  its  use. 

As  a  control  to  the  above  experiments,  in  all  of  which  the 


I 
r 


U 
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sheep  were  fed  under  cover,  in  some  with  clover-hay  without  any 
succulent  food,  and  in  others  with  mangolds  (themselves  highly 
saccharine)  in  addition  to  the  barley  or  the  malt,  another  expe- 
riment. No.  4,  was  made,  in  which  there  was  a  larger  number  of 
sheep  (twenty-seven)  in  each  lot,  the  animals  were  folded  in 
the  open  field,  they  received  only  about  half  as  much  barley  or 
malt  per  head  per  day,  ^  lb.  clover-chaff  per  head  per  day,  and 
swedes  ad  libitum  and  unweighed.  To  lot  1  the  daily  allowance 
of  barley  was  i  lb.  per  head,  and  to  lot  2  as  much  malt  with  its 
dust  as  was  produced  from  ^  lb.  of  barley,  and  the  experiment 
was  continued  for  nine  weeks. 

The  rate  of  increase  upon  a  given  live-weight  within  a  given 
time  was  somewhat  under  the  average  obtained  when  sheep  are : 
liberally  fed  on  fattening  food,  and  was  not  equal  to  that  inj 
experiments  2  and  3,  in  which  the  animals  had  mangolds,  andl 
were  fed  under  cover.  The  total  increase  of  the  lot  having^ 
barley  was  468  lbs.  against  437i  lbs.  on  the  lot  having  a  cone— r 
sponding  amount  of  malt ;  and  reckoning  the  malt  (and  dost]^ 
consumed  to  produce  100  lbs.  of  increase  up  to  the  amount 
barley  which  it  represented,  the  result  was  decidedly  in  favour 
the  unmalted  as  compared  with  malted  barley. 

It  is  seen,  then,  that  in  only  one  of  these  earlier  comparative 
trials  with  sheep  was  the  result  in  favour  of  malt  as  comparer 
with  the  amount  of  barley  from  which  it  would  be  produceo^- 
The  results  of  the  Drs.  Thomson,  with  milking  cows  and  fatteniicn 
oxen,  also  afforded  preponderating  evidence  in  favour  of  the 
of  unmalted  rather  than  malted  barley,  as  a  staple  food 
stock. 

So  far  as  we  are  aware  there  are  no  other  comparative  tri 
of  barley  and  malt  recorded,   in  which  the  weights  of  the  fi 
consumed,  and  of  the  milk  or  increase  in  live-weight  yield 
have  been  taken  as  the  measure  of  the  effects  produced.     It 
true  that  there  are  records  enough  of  trials  in  which  malt  1 
been  shown  to  be  a  good  food  for  stock,  and  no  further  evide 
on  that  point  can  be  needed.    But  whether  or  not  the  favoura 
result,  so  far  as  the  health  and  progress  of  the  animals  are 
cemed,  has  been  economical  compared  with  what  it  would 
been  had  raw  barley  been  used  instead,  is  quite  another  mat^'^s 
and  it  is  the  question  of  the  comparative  economy  of  unmalted 
malted  barley  as  food  that  the  experiments  above  quoted, 
those  to  which  this  report  has  special  reference,  have  been 
dertaken  and  arranged  to  throw  light  upon. 
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2.   The  Experiments  in  1854  with  Pigs.* 

Independent! J  of  certain  theoretical  considerations,  one  object 

of  these  experiments  was   to  determine    whether  any  or  what 

I'mefit  would  be  likel  j  to  accrue,  either  to  the  growers  of  sugar, 

or  to  the  agricultural  interest  of  this  country,  if  the   lower  qua- 

'itiei  of  cane-sugar  were  admitted  duty-free  for  the  feeding  of 

^mals ;  another  was  to  provide  data  bearing  upon  the  question 

whether  or  not  any  advantage  would  result  from  the  conversion 

^  a  portion  of  the  starch  of  the  food  of  animals  into  sugar  by 

^objecting  it  to  the  malting  process. 

^  The  plan  adopted  was,  to  give  to  each  of  several  lots  of 
pi]^  a  fixed  amount  of  lentil-meal  and  bran,  enough  to  supply 
^11  the  nitrogenous  matter  that  they  would  require,  but  leaving 
^oem  deficient  in  the  necessary  amount  of  the  non-nitrogenous 
^constituents  of  food,  which  were  supplemented  in  one  experi- 
■xient  by  as  much  starch,  in  another  by  as  much  sugar,  and  in 
Another  by  as  much  of  both  starch  and  sugar,  as  the  animals 
clioie  to  eat ;  whilst  in  a  fourth  experiment  they  were  allowed 
to  take  lentil-meal,  bran,  starch,  and  sugar,  each  separately 
And  ad  libitum. 

The  results  given  in  the  following  Table  (IV.)  of  the  first  two 
of  the  experiments  above  referred  to,  in  which  both  lots  of  animals 
had  the  same  amount  of  lentil-meal  and  bran,  but  the  one  starch 
and  the  other  sugar,  in  addition  and  ad  libitum^  bear  the  most 
directly  upon  the  questions  here  under  consideration. 

IT^su  lY. — ExpxBiUEHTS  with  Pigs,  on  the  Equivalency  of  Stabch  and 

Sugar  in  Food. 

Period  of  Experiment  10  weeks ;  Febmary  27  to  May  8,  1854. 


Food  OODBQIDCd. 


Increase  in  Livc>weight. 


Mb^-««» 


,,,— Wr.«lUbitnm(') 
^Uigdry  sabetance 

^^^»«clmdiibitaiii(«) 
^drygubstanoe 


H 


)C*t^ 


ToUl. 


Lbt. 
672 
126 
388^ 

(3C3i) 

673 
126 
450i 

(362i) 


Per  Head 
per  Dny 


Lbt. 
3-20 
0'60 
1-85 

(1-73) 

3  20 
0'60 
2*15 

(1-73) 


Per  100  ibB. 

IJve-wclght 

per  Week. 


Lbfl. 

16-4 
3-1 
9-5 

(8-9) 

16-4 

3-1 

ll-O 

(8-9) 


To  produce 
100  lbs. 
Increase. 


Lbfl. 

272 

51 

157 

(147) 

271 

51 

182 

(146) 


Total. 


Lbe. 
247 


248 


Per  Head 
per  Week. 


Lbs. 
8'23 


8-27 


Per  100  Ibi). 
I>iv<^weight 
per  Week. 


Lbt. 
6-03 


6*06 


4        vm 
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It  is  seen  that  the  two  lots  consumed  almost  identical  ai 
both  of  lentil-meal  and  bran,  whether  reckoned  per  head  p 
per  100  lbs.  live- weight  per  week,  or  to  produce  100 
increase ;  but  that  the  one  lot  consumed  in  addition  consid 
less  of  the  raw  sugar  than  the  other  did  of  the  raw  stare 
however,  the  amounts  of  water  which  the  sugar  and  the 
contained  in  the  condition  in  which  they  were  respective!} 
to  the  animals  be  deducted  from  the  actual  weights  consul 
is  found,  as  shown  by  the  figures  given  in  parenthesis 
Table,  that  the  amounts  of  read  dry  or  solid  substance  con 
were  all  but  absolutely  identical  in  the  two  cases.  Indeed 
it  is  borne  in  mind  that  the  animals  were  dependent  on  th( 
or  the  starch  supplied  to  them  for  about  one-third  of  th 
solid  matter  of  their  food,  and  that  in  each  case  they  were  a 
to  take  as  much  as  they  chose,  the  coincidence  in  the  ai 
of  dry  or  solid  substance  consumed  in  the  two  cases  i 
striking. 

The  amounts  of  increase,  whether  reckoned  per  head 
100  lbs.  live-weight  per  week,  were  also  all  but  identical. 

The  results  of  these  experiments  indicate  an  almost 
equivalency  of  the  dry  or  solid  substance  of  cane-sugar 
starch  in  the  food  of  the  pig,  provided,  of  course,  that  neil 
given  in  undue  proportion,  and  that  other  constituents  be 
same  time  supplied  in  sufficient  amount;  indeed,  the  tw 
bably  only  differ  in  point  of  fact  in  relative  food  capacity, 
very  slight  proportion  in  which  they  are  known  to  differ 
centage  amount  of  carbon. 

If,  then,  cane-sugar  have  no  higher,  and  perhaps  even  a  s 
lower,  value  as  a  constituent  of  food  than  starch,  a  consid 
of  the  relative  prices  of  sugar  duty-free,  and  of  the  starchj 
generally  used  for  feeding,  and  also  of  the  fact  that  the  1; 
the  same  time  supply  a  considerable  amount  of  the  needei 
genous  constituents  of  food,  will  afford  an  easy  means  of  esti 
the  relative  economy  of  the  two. 

As  cane-sugar  contains  somewhat  less  carbon  than  ai 
weight  of  starch,  so  does  the  saccharine  matter  of  malt  * 
in  its  turn  somewhat  less  than  an  equal  weight  of  the  si 
the  cane ;  hence,  so  far  as  composition  is  concerned,  it  wi 
concluded,  h  priori^  that  a  given  weight  of  cane-sugar  woul 
a  higher  value  as  a  constituent  of  food  than  an  equal  wc 
the  sugar  of  malt ;  on  the  other  hand,  the  sugar  of  malt  i 
nearly  allied  to  that  which  is  the  product  of  the  transform! 
starch  within  the  animal  body  than  is  that  of  the  cane. 

The  most  obvious  conclusion  from  these  experiment 
that   there   would    be   no   economy   in    substituting  a 
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of  the  starchy  grains  usually  used  as  food  by  a  corresponding 
amount  of  the  sugar  of  the  cane ;  and  a  very  probable  con- 
dosion  was,  that  there  would  be  as  little  or  less  advantage  from 
the  coDversion  of  a  certain  amount  of  the  starch  of  food  into 
die  logar  of  malt  by  subjecting  the  starchy  grains  to  the  process 
of  malting. 

We  proceed  now  to  consider  the  experiments  which  form  the 
special  subject  of  the  present  Report. 


PART    11. 

The  Exp£Biments  hade  in  1863-4  by  Order  of  the 

Board  of  Trade. 

1.  Thi  Sklsotion  of  the  Bablst,  the  Malting,  and  the  Com- 
position OF  THE  UnMALTED  AND  THE  MaLTED  GbAIN. 

1.   The  Selection  of  the  Graiuj  the  Malting^  Sfc. 

In  order  to  determine  fairly  the  comparative  feeding  quality, 

^  the  comparative  economy  as  food,  of  unmalted  and  malted 

**rley,  it  was  decided  to  employ   malt  produced  from  barley 

^^iea  from  the  same  stock  as  that  given  for  comparison  in  the 

^^lu&alted  state ;  and  to  give  to  parallel  lots  of  animals,  in  one 

^^  a  given  amount  of  barley,  and  in  another  the  amount  of 

^alt  (with  its  dust)  which  was  found  in  actual  working  to  be 

Placed  from  that  amount  of  raw  barley.     It  was  also  thought 

''•lirable    to  employ   in  some  of  the   experiments  barley   of  a 

^iiality  admitted  to  be  well  adapted  for  the  malting  process,  and 

^  others  such  as  would  not  be  considered  suitable  for  making 

Twer's  malt,  but  which  would  be  considered  well  adapted  for 

^^^ding,  and  to  determine  the  amount  and  composition,  not  only 

^f  the  final  products  (malt  and  malt-dust),  but  also  of  some  of 

^  intermediate  products  of  the  malting  of  each  of  the  descrip> 

^008  of  grain  selected. 

hi  order  to  accomplish  these  ends  it  was  necessary  to  have 
^^^<^en  to,  and  liberty  to  disturb,  and  take  samples  from,  the 
floors,"  during  growth.  The  Board  of  Excise  having  been 
^Qununicated  with,  arrangements  were  made  for  conducting  the 
PP^tions  in  one  of  the  maltings  of  the  Messrs.  Gripper,  at 
"crtford,  and  ample  facilities  were  afforded  for  doing  all  that 
^^h  be  deemed  desirable,  subject  only  to  the  observation  of 
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an  officer  appointed  for  the  purpose  by    the    Surveyor   of 
district 

These  matters  being  arranged,  70  quarters  of  barley,  of 
but  not  first-class,  malting  quality,  were  purchased.  Half 
reserved  to  be  consumed  in  the  raw  state,  and  half  was  m; 
and  screened  in  the  usual  way.  For  distinction,  this  lot  wi 
designated  No.  1. 

70  quarters  of  barley  of /air  feeding  quality  were  also 
chased,  half  reserved  to  be  consumed  in  tne  raw  state,   and 
other  half  malted,  &c.,  as  No.  1.     This  lot  will  be  desigi 
No.  2. 

The  grain  was  measured  over,  every  eighth  bushel  wei^ 
and  samples  were  taken  in  the  raw  state,  at  different  stag 
growth,  and  when  completely  malted,  in  order  to  have  the  m 
of  determining,  by  analysis  and  calculation,  the  amoun 
chemical  change,  and  of  loss,  during  the  malting  process. 

The  following  Table  (IV.)  shows  die  quantity,  both  by  mei 
and  weight,  of  each  lot  of  barley  malted,  and  also  the  qua 
and  proportion  of  malt  and  malt-dust  produced  in  each  case, 
correction  having  been  made  for  die  quantities  remove 
samples  during  the  process. 

Table  IY. — Showing  the  Quamtitiss  of  Bablet  halted,  and  of  Mi 

Malt-dust  produced. 


IUnmalted  .. 
Malted 
Malt-dust  .. 

fUnmalted  .. 
Malted 
Malt-dust  .. 


Measure. 


Buabels. 
280 
290* 

•  • 

280 
284 


Weight 

per 
BuaheL 


Lbs.  oz. 
54  10 
41     10 

•  • 

50     10 
37       4 


Total 
Weie^i. 


LIml 
15,295 
12,072} 
336 

14.175 
10.578 
454} 


Malt  to  100 

Barley; 
by  Measure. 


103*6 


101-4 


Malt  and 
Dust  to  100 

Barley; 
by  Weic^u 


78 
2 

74 
3 


k 


It  is  seen  that  the  malt  from  the  good  malting  barley,  N 
measured  about  3}  per  cent,  but  that  from  the  feeding  ba 
No.  2j  scarcely  1^  per  cent,  more  than  the  barley  from  whi 
was  produced.  In  weight,  however,  both  lost  considers 
No.  1  about  21,  and  No.  2  about  25^  per  cent,  reckoning 
the  screened  malt  as  a  product  of  the  process ;  but,  even  inclu 
the  malt-dust  as  a  product,  the  loss  in  weight  was,  with  h 
No.  1  about  19,  and  with  barley  No.  2  a  little  over  22 
cent 
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rhe  question  arises — of  what  does  this  loss  in  weight  by 
Iting  consist  ? 

Before  fullj  considering  this  point  it  will  be  well  to  call 
ention  to  the  difference  in  the  per-centage  composition  of  the 
'ley,  and  its  products  at  different  stages  of  growth,  as  shown 
the  results  of  the  analyses,  without  the  aid  of  which  that 
?8tion  could  not  be  answered. 

The  Analysis  and  the  Percentage  Composition  of  the  unmalted 

and  the  malted  Barley. 

For  the  purpose  of  these  determinations  a  sample  of  25  lbs. 
8  taken  from  the  grain  in  the  dry  state  before  steeping,  after 
eping  when  thrown  out  from  the  couch,  at  intervals  of  several 
ys  daring  growth,  and  when  completely  malted  and  screened. 
Ai  soon  as  the  samples  werft  taken  they  were  sent  to  the 
(thamsted  Laboratory,  and  there  at  once  stove-dried  for  pre- 
vation.  The  analyses  were  also  all  made  at  Rothamsted ;  but 
dioald  be  observed  that  the  determinations  of  the  sugar  were 
ide  by  Mr.  Hugh  Morris,  of  the  Inland  Revenue  Laboratory, 
merset  House,  who  was  kindly  sent  down  by  Mr.  George 
illips,  the  able  Director  of  that  laboratory,  to  assist  in  the 
iljtical  work. 

Some  particulars  relating  to  the  analyses  will  be  found  at 
.  56-58,  and  the  detailed  results  are  given  in  Tables  l.-V., 
.  59-63,  in  the  Appendix. 

Table  V.  (p.  18)  summarises,  for  barley  No.  1,  the  composi- 
Q  of  the  grain  at  the  different  stages ;  the  upper  division 
)wing  the  composition  of  the  specimens  in  the  condition  of 
nstare  in  which  they  were  sampled ;  the  middle  division  the 
^position  of  the  dry  or  solid  substance,  that  is,  exclusive  of  all 
^istore  in  each  case ;  and  the  lower  division,  that  of  the  barley 
its  natural  state  of  dryness,  of  the  malt  and  malt-dust  as  kiln- 
ed, and  of  the  intermediate  products  of  growth  assuming  each 
We  been  brought  to  the  same  condition  of  dryness  as  the 
Q^ried  malt 

Table  VI,  (page  19).  shows  the  same  particulars  for  barley 
>.  2  as  does  Table  V.  for  barley  No.  1. 

Por  comparison  with  the  results  in  these  two  tables.  Table 
H.,  p.  66  in  the  Appendix,  gives  similar  particulars,  so  far  as 
7  were  obtained,  relating  to  the  barley,  and  the  preparation  of 
'  malt,  used  in  some  of  the  experiments  with  sheep  at  Roth- 
«tedinl849. 

Owing  to  the  very  great  difference  in  the  amount  of  moisture 

the  different  specimens  in  the  condition  in  which  they  were 

^pled  for  analysis  (the  barley  being  in  the  usual  marketable 

C 
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Tablb  v.— Showing  the  Composition  of  Bablb¥  No.  1,  befora  Maltiag,  at  difiera 
Stages  of  tho  Process,  and  when  eomplctcl;  Malted. 


ibrlrr. 

il«pliig. 

^,>»,„'.,w!.tw. 

nHiWr. 

ia*n^,iMlV» 

C™ch.        Floor.      n»qr. 

0"UiW 

(MOiIri  (WihWJ 

>- 

pled. 

,.,.1         .« 

1-31 

I'M 

No 

41 -M 

I'M 

M 

09                B 

«3 

■ 

l..g",m.iu.n,.  .     . 
HIOHll  Dutm  (ub)  . 

m-V 

■ 

TuUI  vUd  DUtlH 

" 

■  1    \          A1 

z 

U-U        M-3t 

""*•  1       "■*•           """^ 

i 

Toul      . 

■     i™ 

(H)        ion 

U» 

IM-M  ■   WO-M 

IVO-IN 

IM-M        iM-d 

■CHil*tol,«n(in>g,n 

' 

■u  1        *.g. 

"■•' 

„. 

*■" 

a-M  '        lii 

2. — Ezclaiivo  of  Moistnre. 


SiW.r 

a- Si' 

1-«< 

«■,. 

T«-1. 

„■« 

1,-1. 

..'.1 

1 

SombinnddMlrlin)  .     .     , 

8D'41  1 

81-12 

ti-7a 

nil 

;o-oi 

n-B 

, 

WoKlr-Bl™ 

"'£"'=.&■,"-'-:! 

9*3 

»'a. 

10- U 

"^ 

i«-jr 

«'N 

, 

MlnmliB.tlBr{«h)  .     .     . 

fin 

l-3> 

1-1-. 

a-M 

3-M 

I'm 

t'll 

ToUl  laUil  lulUr  .     . 

1<MH»| 

iftj-oo 

lao-m  1  iM^ 

lU-M 

tM>-<M> 

!«»-« 

* 

•Conlainlngnltrogini.     .     . 

1-M| 

io« 

l'St|         1*. 

'■" 

i-«s 

l.« 

S.— Bailey.  Molt,  and  MaltJnst,  as  Bamplod;  mtermclialo  Prodnota  in  the  ■ 
Diyneu  as  Mult. 


Surth  (ud  deilriM) 
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1«'H 

11  ■» 

w-«i 
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^. 
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4-»« 
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•  'H 
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M'M 
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a-M 

1M-M 

«'M 

1M*I 
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VL— Showino  the  Composition  of  Bablbt  No.  2,  before  Malting,  at  different 
Stages  of  the  Prooess,  and  when  completely  Malted. 


Barley, 

before 

steeping. 


Growing. 


Nov.  6. 

Asthrovm 

from  the 

Coach. 


Not.  10. 

4  Days 
on  the 
Floor. 


Nov.  14. 

8  Days 
on  the 
Floor. 


Nov.  17. 

11  Days 
on  Floor 


Nov.  19. 

13  Days 
on  Floor 


(ist  third   (2d  third 
to  lain.)    to  Klin  )    to  Iviln). 


Nov.  21. 

16  Days 
on  Floor 
(3d  third 


5)creened 
Malt. 


2. — ^Exdosiye  of  Moisture. 


Malt 
dust. 


1. — ^In  the  Condition  of  MoiBtnre  as  Bamplcd. 

3-83 

1-14 

3-73 

6-13 

5-95 

6*29 

6-86 

11-34 

10-88 

ileztrine)  .     .      . 

61-76 

42-45 

4016 

38-43 

38*26 

39-74 

39-85 

64-79 

37-06 

4-47 

3-06 

2-86 

3-15 

3-32 

3-27 

3-58 

5-48 

8*41 

(or  "  fleab-form-> 
ters*  .     .     .     .) 

9-90 

6*61 

6-71 

6-94 

6-98 

7-31 

7-62 

11-35 

22-06 

«er(aah)  .     .     . 

2-08 

1-42 

1-40 

1-54 

1*60 

1*65 

1-68 

2-37 

7-82 

■oUd  matter  .     . 

81-04 

54-6S 

54-86 

66-19 

56*11 

58-26 

59*59 

95*33 

86-23 

ion]    .... 

18-96 
100-00 

45-32 

45-14 

43-81 

43-89 

41-74 

40-41 

4-67 

13-77 

Total      .     .     . 

100-00 

100-00 

100-00 

lOO-OO 

100-00 

100-00 

100*00 

100-00 

;  nitrogen  . 

1-67 

1-06 

106 

1-10 

1-11 

116 

1-21 

1-80 

3-50 

• 
• 

• 
• 

3  49 

76-21 

5*51 

12-22 

2-57 

2-08 

77-63 

6*60 

12-10 

2-59 
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condition,*  the  intermediate  products  in  the  wet  state  in 
after  steeping  they  are  spread  on  the  floor  to  grow,  and  th* 
and  malt-dust  kiln-dried)  the  results  as  given  in  the  uppei 
sion  of  Tables  V.  and  VI.  do  not  at  once  bring  to  vie 
variation  in  the  composition  of  the  solid  substance  of  the 
so  clearly  as  those  in  the  middle  and  lower  divisions. 

In  the  middle  division,  which  shows  the  composition 
grain  exclusive  of  all  moisture,  the  variation  in  the  compi 
of  the  solid  substance  of  the  grain  as  the  sprouting  proce 
the  most  strikingly  brought  out ;  but,  inasmuch  as  in  pi 
grain  malted  for  feeding  purposes  would,  at  whatever  sta; 
growth  were  stopped,  (if  dried  at  all)  probably  be  kiln-di 
about  the  same  extent  as  brewer's  malt,  it  will  be  more 
to  illustrate  the  variation  in  composition  by  reference 
figures  given  in  the  bottom  division  of  the  tibles. 

The  most  striking  change  which  the  figures  show  is  t 
crease  in  the  amount  of  sugar  as  the  malting  proceeds.  1 
it  may  be  said  that  the  most  characteristic  effect  of  the  m 
process  is  the  conversion  of  a  portion  of  the  starch  of  the 
into  dextrine,  and  then  a  portion  of  the  dextrine  into  si 
changes  which  are  effected  by  the  agency  of  a  substance 
diastase,  which  is  itself  a  product  of  the  transformation  < 
germination  of  a  portion  of  the  nitrogenous  substance 
grain.  It  is  to  be  observed,  however,  that  the  first  s 
the  malting  process,  that  of  steeping  the  grain,  dissolves 
considerable  proportion  of  the  small  amount  of  sugar  a 
existing  in  it ;  and  by  analysis  of  the  steep  water  as  well 
grain,  it  is  found  that  a  certain  amount  both  of  nitrogenoi 
mineral  matters  is  also  extracted  at  this  stage.  It  is  seen  1 
the  experiments  to  which  the  tables  refer,  the  amount  of 
was  increased  in  one  case  from  about  2^,  and  in  the  othe 
about  3|-  per  cent,  in  the  dry  substance  of  the  raw  grain, 
from  11  to  12  per  cent,  in  that  of  the  finished  malt 

It  is  the  substance  diastase,  developed  during  germina 
above  referred  to,  which,  in  the  process  of  "  mashing ' 
induces  the  conversion,  first  into  dextrine  and  then  into  su 
the  starch  which  has  remained  unchanged  by  the  malting 
it  is  the  same  substance  which  gives  to  an  infusion  of  m 
property  of  inducing  a  like  change  in  the  starch  of  un: 
grain,  or  other  starchy  substances  mixed  with  it  Thi 
version  takes  place  the  most  rapidly  at  a  temperature  of 
170^  F.     It  proceeds  pretty  actively,  however,  at  ordinal 

*  The  amoant  of  moisture  in  grain  varies  according  to  season  and  other 
stances.  Barley  in  the  bulk  may  be  reckoned  to  contain  generally  bet 
and  18  per  cent  of  moisture,  but  samples  kept  in  dry  places,  or  much  1 
may  contain  several  per  cent.  less. 
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peratures,  provided  the  starch  have  previously  been  gelatinized 
bv  means  of  hot  water ;  and  Mr.  George  Phillips  informs  us 
tiiat  it  had  been  found  in  experiments  made  at  the  Inland 
Rerenue  Laboratory,  that  diastase  even  acts  upon  starch  when 
ground  malt  is  mixed  with  water  at  ordinary  temperatures. 

As  the  sugar  produced  in  the  process  of  malting  is  formed  at 
tie  expense  of  the  starch,  which  is  first  converted  into  dextrine, 
the  amount  of  starch  and  dextrine  is  necessarily  reduced  in  about 
the  same  degree  that  that  of  the  sugar  is  increased.  A  portion 
of  the  sugar,  however,  undergoes  further  change  during  the 
growth,  the  result  of  which  is  an  actual  loss  of  some  of  the  ori- 
ginal nun-nitrogenous  substance  of  the  grain,  as  will  be  further 
illostrated  presently. 

The  proportion  of  woody-fibre  seems  to  increase  slightly  as  the 
growth  proceeds  ;  though  it  is  not  much  higher  than  in  the  barley 
uiany  of  the  products  of  the  malting  process  excepting  the  malt- 
(iost,  the  dry  substance  of  which  contains  about  twice  as  much 
•»  that  of  either  the  raw  barley  or  any  of  the  intermediate  pro- 
ducts. 

The  proportion  of  nitrogenous  or  so  called  "  flesh- for m ing  " 
nhstances  is  seen  to  be  somewhat  higher  in  the  dry  or  solid  sub- 
^ce  of  the  intermediate  products  of  growth  than  in  the  raw 
livlej,  and  in  that  of  most  of  them  higher  than  in  that  of  the 
Pushed  and  screened  malt.  That  the  malt  contains  a  somewhat 
lower  per-centage  of  nitrogenous  substances  than  the  intermediate 
Products  is,  of  course,  explained  by  the  fact  that  by  the  screening 
process  it  has  been  deprived  of  the  malt-dust,  which  has  with- 
drawn nitrogen  from  the  grain  during  growth,  and  itself  contains 
•  Tcryhigh  per-centage  of  it. 

Within  certain  limits,  the  higher  the  per-centage  of  nitrogenous 
Betters,  the  greater  will  be  the  value  of  an  article  of  food,  either 
^'Juch,  or  on  account  of  the  richness  of  the  manure  obtained 
^m  the  animals  consuming  it.  But  inasmuch  as  the  increased 
Proportion  of  nitrogenous  substances  in  the  grown  grain  is  not 
doe  to  any  gain  of  them  during  the  process,  but,  as  will  pre- 
•^tlj  be  seen,  to  a  loss  of  other  substances,  by  which  it  is  only 
l^'^ir  proportion,  and  not  their  actual  amount,  that  is  increased, 
^^woald  obviously  be  a  delusion  to  conclude  that  there  is  any 
•dfantage  or  economical  gain  in  the  increased  per-centage  of 
^  important  constituents  which  is  obtained  by  submitting  the 
P^  to  germination ;  indeed,  as  will  be  seen  further  on,  there 
^H  always  be  a  greater  or  less  loss  of  the  nitrogenous  substances 
^»  grain  in  converting  it  into  malt,  so  that,  so  far  as  the  feeding 
^*lue  is  dependent  on  the  amount  of  nitrogenous  constituents,  a 
S^^en  amount  of  grain  will  provide  more  of  them  in  the  raw 
*^te  than  after  it  has  been  malted.  It  is  true  that  a  given  weight 
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of  malt  will  contain  a  larger  amount  of  nitrogenous  substai 
than  an  equal  weight  of  raw  barley,  but  that  given  weigh 
malt  will  have  required  1-^th  to  l^J-th  of  its  weight  of  raw  gr 
besides  the  cost  of  the  process,  to  produce  it. 

From  the  high  per-centage  of  nitrogenous  substances  in 
malt-dust,  it  is  obvious  that  there  would  be  a  loss,  both  of  feed 
and  manurial  matter,  if  it  were  not  employed  along  with  the  i 
whenever  gmin  were  malted  for  feeding  purposes. 

It  will  be  observed  that  the  feeding  barley  (No.  2)  contai 
more  nitrogenous  matter,  and  more  woody-fibre,  but  less  sta 
than  the  better  malting  sample  No.  1 ;  and  this  difference 
composition  was  pretty  uniformly  maintained  between  the  cc 
sponding  products  of  growth  of  the  two  descriptions  of  gn 
indeed,  the  samples  selected  as  the  best  for  malting  for  bre^ 
purposes  are  the  plumper,  the  more  starchy,  and  the  less  ni 
genous  grains  ;  whilst  those  employed  for  feeding  are  genei 
thinner,  more  nitrogenous,  and  less  starchy. 

3.    The  Loss  of  Constituents  by  Making, 

In  the  following  tables  (in  Table  VII.  for  barley  No.  1,  anc 
Table  VIII.  for  barley  No.  2)  the  foregoing  analytical  results 
applied  so  as  to  show  the  actual  and  per-centage  loss  of  con 
tuents  which  the  barley  had  suffered  at  certain  stages,  and  at 
conclusion  of  the  malting  process.  At  the  periods  selected 
these  estimates,  not  only  were  samples  taken  for  analysis,  bat 
whole  quantity  of  grain  on  the  floors  was  measured  over,  and 
weight  of  every  eighth  bushel  taken,  in  order  to  determine 
total  weight  as  already  referred  to.  For  the  estimates  foun 
on  the  data  so  obtained  absolute  accuracy  cannot  be  claia 
I  since  every  individual  bushel  was  not  weighed,  but  it  is  belie 

'  that  the  results  sufficiently  nearly  represent  the  truth  for  all  p 

t  tical  purposes. 

i  It  appears  that,  in  the  steeping.  No.  1  barley  absorbed  a1 

43,  and  No.  2  barley  rather  more  than  47  per  cent,  of  t 
'  weight  of  water.     Each  lost  at  the  same  time  a  certain  am< 

r  of  solid  matter,  which  consisted  mainly   of  saccharine,  n 

[  genous,  and  mineral  *  substances,  more  of  which  were  abstra 

from  the  less  perfectly  matured  second  quality  grain  than  i 
r  ^  the  other. 

The  greatest  amount  of  loss  of  solid  substance  during 
growth  on   the   floor   was   of  non-nitrogenous   organic  ma 

*  The  figures  do  not  indeed  show  a  loss  of  mineral  matter  by  steeping  i 
case  of  the  second  quality  barley  ;  but,  inasmuch  as  the  ao-caUed  **iBi 
matter"  was  the  crude  ash  determined  by  bumlnff^  and  the  samples  were  no 
fh>m  more  or  less  of  incombustible  impurity,  this  would  account  for  soa> 
crepancy  in  the  figures  in  relation  to  mineral  matter. 
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doabtless  chiefly    sugar,   destroyed    by   decomposition,    as   the 
growth  advanced. 

Of  oitFogenous  substances,  a  certain  but  apparently  not  very 
material  amount  is  extracted  by  the  steep  water,  the  partial 
analysis  of  which  is  given  in  Table  VII.  p.  65,  in  the  Appendix. 
During  the  actual  processes  of  germination  and  growth,  there 
^  so  far  as  existing  knowledge  goes,  no  necessary  loss  of  nitrogen 
QQless  the  moist  grain  be  allowed  to  get  foul.  Nor,  perhaps,  is 
Acre  in  the  drying  any  really  unavoidable  loss ;  though  in 
practice,  as  at  present  conducted,  a  certain  amount  of  the  young 
ihoots  or  "  malt-dust"  (which  is  highly  nitrogenous),  always 
P^ses  through  the  wires  during  the  drying,  and  this  portion 
^ould  be  lost  as  food  if  not  as  manure  also. 

According  to  the  figures  in  the  lower  divisions  of  Tables  VII. 

And  VIII.,  the  total  loss  of  nitrogen  or  nitrogenous  substances 

^mounted  in  the  case  of  barley  No.  1  to  about  3,  and  in  that  of 

"^I'lejr  No.  2  to  about  7  per  cent  of  the  original  quantity  in  the 

S^^in;  and   whilst  the  screened  malt   from  the    barley  No.    1 

'Stained  90J,  that  from  barley  No.  2  only  retained  85^  per  cent. 

^*   the  original  nitrogen.     Barley  No.  2  was,  indeed,  as  already 

*^^ted,  die  thinner  and  the  more  nitrogenous.     It  was,  moreover, 

'^Oc  day  longer  on  the  floor,  and  was  pronounced  to  be  relatively 

^^>  the  other  rather  further  grown,  in  fact  rather  too  far,  and  to  be 

•^^mewhat  exhausted  and  not  very  fresh.     Hence,  doubtless,  the 

■^rger  proportion  of  the  nitrogen  of  the  grain  extracted  by  the 

^I>Toats,  the  larger  amount  in   the    malt-dust,    and    the   larger 

^Oiount  of  the  latter  (and  so  of  nitrogenous  substance)  detached 

^^d  lost  in  the  manipulations  in  the  kiln-drying. 

It  may  be  remarked  that  in  the  experiments  made  at  Rotham- 

^^  on  this  subject  in  1849  (the  results  of  which  are  given  in 

-*^«b]e  IX.   p.    67    in   the    Appendix),    the   proportion   of  the 

^itrogen  of  the  original  grain  retained  by  the  screened  malt  was 

^  per  cent,  that  recovered  in  the   malt  and    kiln-dust   was 

P^riy  10  per  cent,  and  that  totally  lost  was  about  3J  per  cent 

^*^  this  case,  however,  the  grain  was  rather  longer  (about  16 

^^yi)  on  the  floor. 

Of  mineral  matter  the  necessary  loss  will  be  confined  to  that 

^^^cted  by  the  steep  water,  and  to  the  amount  contained  in 

?^t  portion  of  the  "  dust"  which  passes  through  the  wires  during 

^^  drying  in  the  kiln. 

^    It  may,  perhaps,  be  safely  concluded,  that  if  malt  were  manu- 

.^^tared  for  feeding,  the  growth  would  not  be  carried  so  far  as  it 

^  for  brewing  purposes ;  that,  if  screened,  the  malt  would  retain 

^^r  90,  and  perhaps  sometimes   nearer    95    per   cent,   of  the 

^'^ginal  nitrogen  of  the  grain ;  and  that,  including  the  malt-dust 

^  product  of  the  process,  about  98  per  cent,  of  the  total  nitrogen 
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of  the.  grain  might  be  recovered,  leaving  only  about  2  per  cen 
as  the  probable  average  loss  by  extraction  by  the  steep- wate 
and  by  the  loss  of  a  portion  of  the  malt-dust 

The  following  Table  (IX.)  gives  a  condensed  view  of  t! 
products  and  loss  from  100  lbs.  of  barley  in  each  of  the  t% 
experiments. 

Table  IX. — Showing  the   Products   and  Loss  on  Malting  100  lbe_ 

Barley. 


Barley  No.  1. 

Barley  No.  a 

Malt       

78*93 
2*20 

74  •  62 

Malt-dust      

3*21 

Total  Products  . . 

81 '13 

12'12 
6*21 
0*24 
0-8<) 

77*83 

/Moisture • 

15*03 

w          j  Nou-nitrogenous  vegetable 
^^  *  *  J  Nitrogeuous  substance  . . 
1  MiTK^ral  matter 

substance.. 

6-34 
0-7» 
0*07^ 

100-00 

lOO-OO 

Thus,  the  fair  malting  sample  (No.  1 )  gave  about  79  per  ce 
of  its  weight,  and  the  feeding  sample  (No.  2)  only  about  74J  | 
cent,  of  its  weight  of  screened  malt.  Adding  the  malt-do. 
No.  1  gave  rather  more  than  81,  and  No.  2  rather  less  than 
per  cent  of  total  products.  The  result  is,  then,  that  ev^ 
reckoning  in  the  malt-dust  as  a  product  of  the  process,  there  w 
a  loss  on  the  original  weight  of  the  barley  of  about  19  per  cetz 
in  the  one  case,  and  of  about  22  per  cent,  in  the  other.  In  eac 
case  about  two*thirds  of  the  loss  in  weight  (in  the  one  rathe 
under  and  in  the  other  rather  over)  was  only  moisture  driven  o 
in  the  kiln-<lrying ;  but  there  was,  besides,  in  each  case,  a  loss  < 
about  7  per  cent  of  real  solid  substance  or  food  material,  < 
which  about  6J-  was  non-nitrogenous  vegetable  substance,  froi 
CJ-  to  Of  nitrogenous  substance,  and  the  remainder  miner 
matter. 

From  the  above  facts  it  will  be  readily  understood  how  it 
that  the  products  of  the  malting  process  have  a  higher  per-centa| 
of  nitrogenous  or  '^  flesh-forming "  substances  than  the  baric 
from  which,  they  were  produced.  There  is,  indeed,  an  actuj 
loss  of  these  substances ;  but  inasmuch  as  there  is  a  much  gpreati 
loss  of  the  non-nitrogenous  matters,  and  a  considerable  dissipatic 
of  water  in  the  kiln-drying,  which  together  reduce  the  weight  • 
the  products  to  about  20  per  cent,  (less  or  more)  below  thi 
of  the  barley  from  which  they  were  produced,  this  diminish- 

*  See  (bot  note  on  p.  22. 
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weij^ht,  though  containing  even  a  less  actual  amount  of  nitro- 
genous substances,  nevertheless  contains  a  higher  proportion  of 
them  in  100  parts.  It  is  obvious,  therefore,  as  before  observed, 
that  it  would  be  a  delusion  to  represent  the  higher  per-centage  of 
nitrogenous  substances  in  the  malted  grain  as  indicating  any 
gain  by  the  process,  so  far  as  the  amount  of  those  important  con- 
stituents of  food  is  concerned.  There  is,  in  fact,  a  loss,  not  a 
g^in;  but  as  there  is  a  much  greater  loss  of  other  matters  the 
proportion  of  them  in  what  remains  is  somewhat  the  greater. 

The  loss  and  chemical   changes   which  barley  undergoes  by 
nialting  may  be  summarily  enumerated  as  follow  : 

^'  The  weight  of  the  malt,  together  with  the  malt-dust,  pro- 
duced from  a  given  quantity  of  barley  malted  in  the 
usual  way,  is  little  more  than  four-fifths  that  of  the  un- 
malted  grain  ;  about  two-thirds  of  the  loss  being  water, 
and  one-third  solid  substance  or  food  material. 

^'  The  loss  of  solid  substance  consists  chiefly  of  non-nitrogenous 
matters,  but  includes  also  a  small  amount  of  nitrogenous 
or  '*  flesh-forming,"  and  mineral  matters. 

3.  A  portion  of  the  starch  of  the  grain  is  converted  into  dex- 
trine, and  a  portion  of  this  is  further  converted  into  sugar, 
the  amount  of  which  is  thus  raised  from  2  or  3  per  cent, 
in  the  raw  barley,  to  about  10  or  12  per  cent,  in  the 
finished  malt ;  and  there  is,  besides,  an  actual  loss  of  a 
portion  of  the  changed  starch  by  further  decomposition 
as  the  growth  proceeds. 

^-  The  per-centage  of  nitrogenous  or  "  flesh-forming"  substances 
is  higher  in  the  diminished  weight  of  the  malted  products, 
though  the  actual  amount  of  them  is  less  than  in  the  raw 
grain  from  which  the  malt  has  been  produced. 

^«  A  portion  of  the  nitrogenous  substance  of  the  grain  under- 
goes changes  by  malting,  by  virtue  of  which,  when  the 
malt  is  digested  with  water,  not  only  the  previously  un- 
changed starch  of  the  malt  itself,  but  the  starch  of  a  con- 
siderable amount  of  unmalted  grain  or  other  starchy 
substances  mixed  with  it,  may  become  converted  into  the 
more  soluble  forms  of  dextrine  and  sugar ;  the  conversion 
taking  place  but  slowly  if  cold  water  be  employed,  and 
the  most  rapidly  at  a  temperature  of  about  170^  F. 
^-  If  grain  were  largely  malted  for  feeding,  it  is  probable 
that  the  growth  would  not  be  carried  so  far  as  in  malting 
for  brewing  purposes,  and  in  that  case  the  loss  of  food 
material  would  be  less. 

The  question  arises — whether,  by  the  conversion  of  a  portion 
***  the  starch  of  grain  into  the  more  soluble  'forms  of  dextrine  and 
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sugar  by  malting,  or  by  the  property  which,  under  certain  con- 
ditions, malted  grain  possesses  of  furthering  this  change,  not  onl 
in  its  own  remaining  starch,  but  also  in  the  starch  of  unmalt 
grain  or  other  starchy  food  mixed  with  it,  a  given  amount  o^ 
food  is  thereby  rendered  of  so  much  more  feeding  value  as 
compensate  for  the  loss  of  food  substance  and  the  expense  of  th 
process,  and  leave  a  profit  besides  ? 

This  question  must  be  answered  by  means  of  direct  feed  in 
experiments,  and  we  now  proceed  to  give  the  results  of  thoi 
which  have  been  made  in  the  course  of  the  inquiry  to  whi 
this  Report  has  special  reference. 

11. — The  Feeding  Experiments  in  18G3-4. 

From    the    facts  brought  out   in  the  foregoing  section,  it 
obvious  that,  in  experiments  on  the  comparative  feeding  valii 
of  unmalted  and  malted  graTin,  it  would  be  quite  fallacious 
compare  the  effects  of  a  given  amount  of  the  raw  with  those- 
an  equal  weight  of  the  malted  grain,  without  taking  into  accoi 
the  great  loss  of  weight  in  the  malting.     In  most  of  the  ex[ 
ments  to  which  this  Report  refers,  therefore,  a  certain  quani 
of  unmalted  barley  (with  other  appropriate  food)  was  given 
one  lot  of  animals,  and  to  another  similar  lot  (having  the  sa 
additional  food)  there  was  given,  instead  of  the  whole  or  a  p 
of  the  unmalted  barley,  not  an  equal  weight  of  the  malted 
only    so  much  malt   and   malt-dust  as  were  found   to   be  {^  ^^ 

duced  from  the  quantity  of  raw  barley  for  which  the  malted 
to  be  substituted.     In  some  cases,  however,  the  barley  and 
malt  (with  its  dust)  were  each  given  separately,  ad  libitum^ 
the  amount  of  barley  which  the  consumed  malt  and  dust  re 
sen  ted  was  calculated. 

It  was  so  arranged  that,  in  some  of  the  experiments  the 
should  constitute  a  considerable,  and  in  others  a  comparativ 
small  proportion  of  the  total  food.     The  data  were  thus  provi 
forjudging,  both  of  the  value  of  malt  itself  as  a  staple  food  e 
pared  with  raw  barley,  and  also  whether  or  not  the  admix tu 
a  certain  amount  of  malt  probably  served  to  render  other  fi 
more  digestible  and  assimilable. 

From  what  has  been  said  of  the  properties  of  an  infusio: 
malt  in  converting  starch  into  the  more  soluble  forms  of  dexter* 
and  sugar,  it  is  obvious  that  for  the  full  development  of 
change  in  the  food  of  malt-fed  animals  before  giving  it  to  tlm 
it  should  be  submitted  to  a  process  of  cooking ;  but,  if  it 
been  decided  to  cook  the  food  of  the  malt-fed  animals,  it  w 
have  been  necessary,  for  the  sake  of  fair  comparison,  to 
cooked  that  of  the  barlev-fed  ones  also ;  and  this  would 


as 
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required  a  duplic^ation  of  most,  if  not  all,  of  the  feeding  experi- 
ments— an  extension  of  the  inquiry  which  could  not  easily  be 
undertaken.  It  was  understood  that  the  main  question  at  issue 
was  that  of  the  advantage,  or  otherwise,  of  feeding  animals  with 
grain  malted  instead  of  unmalted,  assuming  it  to  be  in  other 
respects  in  the  same  condition  as  the  unmalted  grain  would 
usually  be  given ;  and  it  was  considered  that  to  introduce  the 
question  of  cooking  would  be  to  go  beyond  both  the  legitimate, 
and  the  most  important  object  of  the  inquiry.  Furthermore,  as 
starch  is  known  rapidly  to  change  into  sugar  within  the  animal 
body,  it  was  obviously  a  question  whether  the  use  of  malt,  if 
beneficial  at  all,  might  not  be  so  by  accelerating  this  change 
within  the  body,  as,  when  mixed  with  water,  it  induces  it  with- 
*>ut  the  body,  especially  when  aided  by  a  certain  amount  of 
heat. 

The  description  and  number  of  animals  subjected  to  experi- 
''lent,  and  the  duration  of  each  experiment,  were  as  follow : — 

20  cows,  in  two  lots  of  10  each        10  weeks. 

20  oxen,  in  two  lots  of  10  each        20      „ 

60  sheep,  in  five  lots  of  12  each       20      „ 

48  pigs,  in  six  lots  of  8  each 10      „ 

T*he  following  is  the  description  of  the  plan  and  results  of 
^^ch  set  of  experiments. 

1.   The  Experiments  tvitk  Milking  Cows. 

Application  being  made  to  James  Archibald  Campbell, 
Esquire,  of  Rugby,  he  kindly  placed  his  numerous  herd  of 
^Uking  cows  at  disposal  for  the  purposes  of  this  experiment,  and 
allowed  it  to  be  conducted  in  his  byres,  at  Newlands  Farm,  near 
^*^e  town. 

Two  lots  of  10  each  having  been  selected,  weighed,  and  placed 

^pfi^it  December  1863,  all  received  for  a  preliminary  period  of 

*"out  a  fortnight  (during  which  time  the  milk  was  daily  weighed) 

exactly  the  same  description  and  amount  of  food,  consisting  of 

j^s,  rape  cake  and  2  lbs.  bean-meal  per  head  per  day,  and  a 

'^*^ture  of  clover-chaff,  straw-chaff,  and  swedes,  which  averaged, 

°*  clover-chaff  about  14  lbs.,  of  straw-chaff  between  7  and  8  lbs., 

'^^  of  swedes  about  50  lbs.  per  head  per  day.    The  swedes  were 

P  P^,   mixed  with    the    clover   and  straw-chaff,    the   mixture 

l*^Utly  heated  by  fermentation,  sprinkled  with  water,  the  meal 

^^  added,  and  the  allowance  given  in  three  feeds  daily. 

.^n  December  21,  1863,  the  animals  were  re- weighed,  and 

.1^^*X  a  view  to  greater  equality  in  the  lots,  some  few  changes  in 

1^^  allotment  were  made ;  the  exact  experiment  was  then  com- 

rj^^ced,  and  it  was  continued   for  10  weeks,  to  February  29, 

^®4.   Both  lots  continued  to  receive  the  same  food  as  previously. 
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excepting  that  Lot  1  had  3  lbs.  of  rape  cake  (per  head  per  daj), 
replaced  by  3  lbs.  of  barley  No.  1,  and  Lot  2.  had  31bs.  of  cake 
replaced  by  the  amount  of  malt  and  malt-dust  produced  from 
3  lbs.  of  barley  No.  1. 

The  milk  of  each  cow  was  weighed  morning  and  afternoon 
daily.  A  mixed  sample  of  the  milk  of  each  lot  was  tested  once 
a  week,  morning  and  afternoon,  by  the  lactometer ;  and  the 
animals  themselves  were  weighed  at  the  beginning,  and  at 
the  end  of  the  fourth,  eighth,  and  tenth  weeks. 

The  results  of  all  the  weighings,  both  of  the  milk  and  of  the 
cows,  are  recorded  in  detail  in  Tables  X.-XIX.,  pp.  68-87  in 
the  Appendix ;  those  obtained  on  testing  the  milk  in  Table  XX. 
p.  88 ;  and  the  results  relating  both  to  the  food  consumed  and  to 
the  weights,  the  increase  in  live  weight,  and  the  milk  yielded, 
during  the  first  four,  the  second  four,  the  last  two  weeks,  and 
the  total  period  of  the  experiment,  are  given  in  Tables  XXI.- 
XXIV.,  pp.  89-92,  also  in  the  Appendix. 

The  results  relating  to  the  whole  period  of  10  weeks  are  sum- 
marized in  Table  X.,  which  now  follows,  and  with  slight 
reference  to  the  details  in  the  Appendix  the  figures  there  given 
will  bring  to  view  most  of  the  points  to  which  it  will  be  neces- 
sary here  to  call  attention. 

It  should  be  particularly  observed,  that  in  all  the  tables 
relating  to  these  new  experiments — whether  with  cows,  oxen, 
sheep,  or  pigs,  and  both  in  the  Appendix  and  in  the  body  of  the 
Report — the  figures  represent,  wherever  malt  was  given,  not  the 
actual  weight  of  malt  and  malt-dust  consumed,  but  the  weight  of 
barley  from  which  (according  to  Table  IV.  p.  16)  they  would  be 
produced. 

In  the  experiments  with  cows  it  was  designed  to  give  to  one 
lot  an  uniform  amount  of  barley  per  head  per  day  throughout 
the  whole  period,  and  to  the  other,  also  uniformly  throughout  the 
period,  exactly  as  much  malt  and  malt-dust  as  was  produced 
from  that  amount  of  barley.  Owing,  however,  to  the  gain  of 
weight  of  the  kiln -dried  malt  and  dust  by  the  absorption 
of  moisture  as  the  feeding  experiment  proceeded,  some  modifi- 
cation in  the  actual  amounts  given  had  to  be  made  from  time  to 
time  by  way  of  compensation,  and  it  was  found  by  careful  calcu- 
lation at  the  conclusion  that  the  malt-fed  cows  had  in  fact 
consumed  somewhat  less  than  the  allotted  amount  when  reckoned 
in  the  condition  of  dryness  in  which  the  produced  malt  was 
weighed,  sampled,  and  its  relation  to  the  raw  barley  settled  as  in 
Table  IV.  p.  16.  The  slight  irregularities  in  the  actual  weights 
given  at  the  different  periods  as  here  explained  are  not  recog- 
nised in  the  tables,  but  the  total  quantities  consumed  are 
equalized  over  the  several  periods.  Due  correction  is,  however, 
made  for  the  slight  deficiency  in  the  total  consumption  of  the 
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malt  and  dust     Thus,  as  the  tables  show,  the  10  malt-fed  e 
consumed  in  the  10  weeks  malt  and  dust  equivalent  to  2072 
of  barley,  whereas  they  should  have  consumed  the  amount  [ 
duced  from  2100  lbs.  of  barley,  a  difference  which  it  will 
admitted  is  of  little  or  no  practical  ijnportance. 

The  first  point  to  remark  in  regard  to  the  results  obtained  ^ 
the  cows  is,  that  the  barley,  or  the  malt,  constituted  a  ci 
paratively  small  proportion  of  the  total  food  consumed ;  certa: 
by  no  means  enough  to  nauseate  or  disturb  the  digestion  by  vii 
of  the  amount  of  sugar  supplied  when  malt  was  given,  but, 
the  other  hand,  fully  sufficient  to  increase  the  digestibility  of 
associated  food  materials,  provided,  as  has  been  assumed,  it  j 
duces  that  effect  by  virtue  of  its  property  of  aiding  the  codf 
sion  of  their  starch  into  the  more  soluble  conditions  of  dextri 
and  sugar. 

According  to  the  figures  in  the  tables  the  10  barley-fed  co' 
gave,  during  the  first  period  of  four  weeks,  rather  less  increase 
live-weight,  but  rather  more  milk,  and  consumed  rather  l( 
food  to  produce  a  given  amount  of  milk,  than  the  10  malt-i 
cows ;  and  during  the  second  period  of  four,  and  the  third  peri 
of  two  weeks,  they  gave  rather  more  both  of  increase  and 
milk,  and  consumed  rather  less  food  to  produce  a  given  amoi 
of  milk. 

Taking  the  whole  period  of  10  weeks  the  10  barley-fed  co 
gave  10  lbs.  less  increase  in  live- weight,  but  1,067  lbs.  (m< 
than  100  gallons)  more  milk,  and  consumed  less  of  every  descr 
tion  of  food  for  the  production  of  100  lbs.  of  milk  than  the 
malt-fed  cows.  It  should  be  observed,  however,  that  one  of  ^ 
malt-fed  animals  (No.  3),  being  in  calf,  increased  in  live-wei| 
very  considerably,  and  fell  off  very  much  in  yield  of  milk,  i 
giving  one  third  the  average  total  amount  of  the  rest,  and  that 
her  increase,  yield  of  milk,  and  proportionate  amount  of  food, 
excluded  by  calculation  (which  is  perhaps  the  fairer  coan 
there  would  then*  be  rather  less  increase,  but  rather  more  n 
yielded,  both  per  head  and  per  1000  lbs.  live-weight  per  we 
and  slightly  less  food  consumed  to  produce  a  given  amount 
milk  by  the  malt-fed  than  by  the  barley- fed  cows. 

Thus,  taken  in  the  one  way  the  results  are  in  favour  of 
unmalted,  and  in  the  other  of  the  malted  grain.  But  a  can 
consideration  of  the  facts  will  lead  to  the  conclusion  that 
effects  were  so  nearly  equal  as  not  to  indicate  any  decided  adv 
tage  of  either  over  the  other ;  and  if  there  be  no  deci< 
advantage  from  the  use  of  a  given  amount  of  malted  grain  o 
that  from  the  use  of  the  amount  of  raw  grain  from  whicli 
would  be  produced,  the  economical  advantage  is  of  ccmne  n 
the  unmalted,  on  account  of  the  cost  of  the  malting  process. 
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On  testing  the  'milk  of  each  lot  of  cows  once  a  week,  morning 
and  afternoon,  by  the  lactometer,  that  from  the  barley-fed  animals 
ioTariably  showed  the  higher  proportion  of  cream,  which  again 
throws  the  balance  somewhat  in  favour  of  the  unmalted  grain. 

2.   Hie  Experiments  with  fattening  Oxen. 

These  experiments,  as  well  as  those  with  sheep  and  pigs, 
were  conducted  at  Rothamsted,  Herts.  Twenty-two  three-year 
old  polled  Scots  were  purchased,  and  for  about  a  fortnight  the 
whde  were  turned  out  to  graze  during  the  day,  and  were  brought 
into  the  yards  at  night,  and  supplied  with  clover-chafT  and  swedes 
(idUbUwn,  They  were  then,  on  November  28, 1863,  all  weighed, 
two  were  thrown  out,  and  the  remainder  were  divided  into  two 
lots  of  10  each,  by  selecting  two  as  nearly  alike  as  possible 
tiiuDg  one  for  each  lot,  and  so  on,  giving  apparently  the  best 
fint  to  one  lot  and  then  to  the  other,  until  the  whole  20  were 
dirided.  The  two  lots  were  then  put,  two  and  two,  into  separate 
l^mpartments  (each  communicating  with  an  open  yard)  of  a  shed 
iQ  which  the  experiment  was  to  be  conducted,  and  they  were  all 
fed  for  a  few  days  longer  on  clover-chafT  and  swedes,  ad  libitum. 

Oq  December  1,  1863,  the  animals  were  re- weighed,  the  exact 
^periment  was  then  commenced,  and  it  was  continued  for  20 
'^eeks,  to  April  19,  1864. 

Dorimr  the  whole  of  the  20  weeks  Lot  1  had  4  lbs.  of  barley 

.^0.  2  "  per  head  per  day,  and  Lot  2  the  amount  of  malt  and 
"**lt^ast  produced  from  4  lbs.  of  barley  "  No.  2."  The  barley 
^  malt  were  crushed.  Each  lot  had,  besides,  during  the  first 
^^  weeks  8  lbs.  of  clover-chafT,  during  the  second  four  weeks 
*^lhi.  of  clover-chaflF,  during  the  next  eight  weeks  2  lbs.  of  oil- 
^^  and  12  lbs.  of  clover-chaff,  and  during  the  last  four  weeks 
yh«Lof  oilcake  and  12  lbs.  of  clover-chaff,  per  head  per  day; 
^  cut  swedes,  ad  libitum  (but  weighed),  throughout  the  whole 
Y  '•^eeksw  The  oxen  themselves  were  weighed  every  four  weeks. 
^*  the  conclusion  of  the  experiment  they  were  killed,  and  the 
^^^hts  of  the  carcasses,  &c.,  ascertained. 

.  The  details  of  the  food  consumed,  of  the  weights,  and  of  the 
^^^^^fesse  in  live-weight,  during  each  of  the  five  periods  of  four 
^^ks  each,  are  recorded  in  the  five  Tables  XXV. — XXIX., 
Vf-  93 — 97,  in  the  Appendix ;  the  particulars  relating  to  the 
^%hts  and  increase  during  each  separate  and  the  total  period 
yf^SQinmarised  in  Table  XXX.,  p.  98  ;  those  relating  to  the 
*^  consumed  and  increase  yielded  in  Table  XXXI.,  p.  99 ; 
!^ those  relating  to  the  dead  weights  in  Tables  XXXII.  and 
^XXlII.,  pp.  100,  101,  also  in  the  Appendix. 

The  results  for  the  whole  period  of  20  weeks  of  feeding  are  fur- 
^  conveniently  summarised  in  Table  XL,  which  now  follows : 
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s  in  Ae  case  of  the  cows,  so  in  that  of  the  oxen  (and  indeed 
te  sheep  also),  some  allowance  was  made  during  the  course 
he  experiment  to  compensate  for  the  progressive  gain  of 
itare  by  the  malt;  but  in  the  tables  no  account  is  taken 
he  extra  weight  given  for  this  purpose,  the  figures  there 
iQ  representing  the  quantities  of  the  malt  reckoned  in  the 
}  of  dryness  in  which  it  was  originally  sampled  and  allotted, 
total  quantity  consumed  being  equalized  over  the  several 
ods,  as  was  in  reality  very  nearly  the  case. 
a  already  stated  the  quantity  of  malt  and  dust  given  per 
1  per  day  to  the  malt-fed  oxen  was  that  which  would  be 
luced  from  4  lbs,  of  barley.  This,  though  not  enough  to 
ieate,  was  more  than  enough  on  the  assumption  of  its  acting 
aiding  the  digestion  of  other  food,  and  it  was  also  quite  as 
h  as  would  ordinarily  be  given  of  any  cereal  grain,  it  being 
ittedly  preferable  to  give  a  mixed  food,  including  such 
era  as  cake  or  pulse. 

tttle  need  be  said  on  the  progress  of  the  animals  during  each 
i^te  monthly  period.  As  is  always  the  case,  it  varied 
iderably  among  the  individuals  of  each  lot ;  though  the 
L^e  increase  per  head  was,  with  each  lot,  comparatively 
'rm  during  each  of  the  first  three  months ;  with  both,  and 
Host  with  Lot  1  having  the  barley,  it  fell  off  considerably 
^^  the  fourth  period,  owing,  it  was  believed,  to  deterioration 
le  swedes,  but  with  both  it  recovered  considerably,  more 
'ially  with  Lot  1,  during  the  last  month,  when  the  roots 
^  consisted  in  part  of  mangolds. 

Erecting  attention  to  the  total  and  average  results  over  the 
G  period,  as  given  in  Table  XL,  it  is  worthy  of  remark 
although  the  roots  were  given  ad  libitum,  the  two  lots  con- 
^  in  the  20  weeks  within  7  cwts.  of  the  same  amount ;  the 
^alt-fed  oxen  taking  about  that  amount  more  than  the  10 
y^fed  ones.  The  fact  is,  that,  if  not  the  actual  weight  of 
Consumed,  but,  as  in  the  Table,  the  amount  of  barley  from 
-^  it  would  be  produced  be  reckoned  against  the  malt-fed 
*Ia,  more  food  was  expended  upon  them  per  1,000  lbs.  live- 
^t  per  week,  that  is  in  relation  to  a  given  live-weight 
*^  a  given  time,  than  upon  the  others ;  though  in  reality 
■'^ceived  even  slightly  less  solid  matter,  that  is,  reckoning 
^It  as  such  instead  of  as  representing  so  much  barley. 
'tti  lots  of  oxen  gaVe  more  than  an  average  amount  of 
^ae,  whether  reckoned  in  proportion  to  a  given  live-weight 
'-^i  a  given  time,  or  to  a  given  amount  of  food  consumed  ; 
•ile  10  having  the  unmalted  barley  gave  during  the  20 
^  408  lbs.  more  increase  in  live-weight  than  those  having 
^Ual  amount  of  the  same  barley  malted.     The  result  was, 
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that,  whether  only  the  actual   weight  of  malt,  or  the  weigh 
barley  from  which  it  would  be  produced,  be  reckoned  agj 
the  malt- fed  oxen,  they  required  more  total  'food,  and  more 
dry  substance  of  food,  to  produce  a  given  amount  of  increase 
live- weight  than  the  barley- fed  oxen. 

The  difference  in  the  amount  of  increase  produced  fro 
given  amount  of  food  in  the  two  cases  was  indeed  not  great, 
such  as  it  was  it  was  unfavourable  to  the  malted  grain ;  ar 
may  be  observed  that,  on  several  occasions  during  the  cours 
the  experiments,  experienced  breeders  and  feeders  who  inspe 
the  animals,  whilst  approving  of  the  selection  and  allotn 
expressed  a  decided  opinion  in  favour  of  the  appearance 
handling  of  the  barley-fed  oxen,  and  frequently  so  in  opposi 
to  their  own  preconceived  views  on  the  subject 

At  the  conclusion  of  the  20  weeks  of  feeding  the  beasts  ' 
only  moderately  fat ;  but  as  it  was  desirable  to  close  the  ex 
ment  then,  they  were  at  once  sent  to  the  butcher,  in  ord< 
possible,  to  gain  further  information  as  to  the  compan 
character  and  ripeness  of  the  two  lots  than  that  afforded  bj 
increase  in  live-weight  alone. 

Mr.  Slater,   of  Kensington,  who  purchased    the    whole, 
good  enough  to   afford  every  facility  for  weighing  the  se^ 
parts  of  each  animal  as  might  be  desired,  and  also  favoure 
with  his  opinion  of  the  quality  of  the  meat 

The  feeding  experiment  was  concluded  on  April  19,  1 
The  first  five  of  the  barley-fed  oxen  were  killed  on  April 
the  first  five  of  the  malt-fed  on  April  21,  the  second  five  of 
barley-fed  on  April  22,  and  the  second  five  of  the  malt-fe< 
April  23. 

The  actual  weights  of  the   animals,  and   of  some   of 
separated  parts,  are  recorded  in  Table  XXXII.,  and  the  pn 
tion  of  the  carcass,  and  of  the  several  ofial  parts,  in  100 
weight,  in  Table  XXXIII.,  in  the  Appendix. 

The  per-centage  of  the  dead  or  carcass  weight  to  the 
weight  of  each  animal — the  most  important  item  to  consid 
is  given  in  Table  XII.,  which  now  follows  : — (See  next  pag< 

The  proportion  of  dead  or  carcass  weight  to  live-weigt 
was  to  be  expected,  ranged  rather  low  throughout ;  but  it 
on  the  average,  and  pretty  uniformly  with  each  pair  of  anil 
in  favour  of  the  barley-fed  over  the  malt-fed  oxen. 

Mr.  Slater's  report  on  the  meat  of  the  different  lots  was, 
the  beef  of  one  (No.  3)  of  the  first  five  of  the  barley-fed 
was  very  good,  but  that  that  of  the  remaining  four  was  of 
useful  qusdity,  and  cut  too  pale  in  the  lean ;  and  that  that  o 
second  five  of  the  same  lot  was  not  quite  so  good  ;  that  the  : 
of  the  first  five  of  the  malt-fed  animals  cut  a  very  good  c< 
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*>oth  in  the  fat  and  the  lean,  and  was  decidedly  preferable  to  that 
^^  the  first  five  of  the  barley-fed,  but  that  the  carcasses  of  the 
^ther  five  of  the  malt-fed  oxen  were  very  indifferent  in  point  of 
'^peness ;  indeed,  he  concluded  that  all  required  six  weeks  or 
^^o  months  more  feeding  to  rank  as  first  quality  beef. 

The  result  was,  then,  that  none  of  the  oxen  were  ripe  enough  ; 
^*^t  the  barley-fed  animals  were  the  most  even  in  condition  and 
Quality ;  but  that  among  the  malt-fed  ones  the  beef  of  some  was 
decidedly  superior,  and  that  of  others  decidedly  inferior,  to  that 
^  ^y  of  the  barley-fed  animals.  From  this  it  would  seem  as  if 
**^e  result  had  been  more  influenced  by  the  constitution  and 
^i^dition  of  the  individual  animals  in  the  case  of  the  malt  than 
^*  the  barley-fed  oxen ;  and  it  is  worthy  of  remark  that  of  the 
*P  malt-fed  ones  it  was  the  five  that  were  the  heaviest,  and  in 
J^^  best  condition  at  the  commencement,  and  not  the  more 
^^^kward  or  weakly  animals,  that  gave  the  best  result  upon  the 
^«^U  diet 

To  conclude,  the  results  of  the  experiments  with  oxen  may  be 
"^efly  summarised  as  follows: — the  barley-fed  animals  gave 
**ightly  more  increase  in  live-weight,  and  a  slightly  higher 
Proportion  of  dead- weight  to  live-weight  than  the  malt-fed  ones  ; 
'^ne  were  fully  ripe ;  the  progress  and  condition  of  the  barley- 
*^  oxen  were  the  more  uniform,  but  some  of  the  malt- fed  were 
^^  better  and  others  in  worse  condition  than  any  of  the  barley- 
*ed  animals. 
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3.   The  Experiments  mth  fattening  Sheep. 

From  a  flock  of  about  90  Down  Wethers,  about  10  montlis 
old,  five  lots  of  12  each  were  selected  bj  picking  out  five  of 
nearly  equal  weight  and  character,  allotting  one  for  each  pen, 
and  so  on  until  there  were  12  in  each.  Each  of  the  lots  was  put 
into  a  separate  compartment,  on  rafters,  under  cover.  For  a 
preliminary  period  of  about  a  fortnight  all  were  fed  alike  on 
about  f  lb.  cotton  cake,  and  f  lb.  clover-chaff,  per  head  per  day, 
with  cut  swedes  ad  libitum. 

On  December  2,  1863,  all  were  re-weighed,  and  the  exact 
experiment  was  then  commenced.  From  that  date,  for  20  weeks 
(to  April  20,  1864),  all  had  1  lb.  of  clover-chaff  per  head  per 
day,  and  cut  swedes  (or  mangolds)  ad  libitum;  and  the  respectire 
lots  had,  besides,  as  their  special  food,  unmalted  or  malted 
barley,  as  under  : — 

Lot  1.  Unmalted  barley  No.  1;  for  16  weeks  f  lb.,  and  for 
the  remaining  four  weeks  1  lb.  per  head  per  day. 

Lot  2.  Malt  and  malt-dust  from  barley  No.  1  ;  for  16  weeks 
an  amount  per  head  per  day  equal  to  that  produced 
from  ^  lb.,  and  for  the  remaining  four  weeks  an 
amount  equal  to  that  produced  from  1  lb.  of  the 
barley. 

Lot  3.  Unmalted  barley  No.  2  ;  for  16  weeks  f  lb.,  and  for 
the  remaining  four  weeks  1  lb.  per  head  per  day. 

Lot  4.  Malt  and  malt-dust  from  barley  No.  2  ;  for  16  weeks 
an  amount  per  head  per  day  equal  to  that  produced 
from  I  lb.,  and  for  the  remaining  four  weeks  an 
amount  equal  to  that  produced  from  1  lb.  of  the 
barley. 

Lot  5.  A  mixture  of  two  parts  unmalted  barley  No.  2,  and  of 
the  malt  and  dust  from  one  part  of  barley  No.  2 ;  fo' 
16  weeks  an  amount  of  the  mixture  per  head  per  day 
representing  f  lb.,  and  for  the  remaining  four  wedtf 
an  amount  representing  1  lb.  of  the  barley. 

Both  barley  and  malt  were  crushed.  The  sheep  were  weighed 
every  four  weeks ;  and  at  the  conclusion  of  the  20  weeks  tb^J 
were  all  killed,  and  the  weights  of  their  carcasses,  &c.,  ascer- 
tained. 

The  results  relating  to  each  of  the  five  separate  periods  of  f(^^ 
weeks  each  are  recorded  in  the  five  Tables  XXXIV.-XXXVnt 
respectively ;  a  summary  of  the  weights,  and  of  the  increa*^ 
during  each  and  the  total  period,  is  given  in  Table  XXXlX^ 
and  a  summary  relating  to  both  food  and  increase  in  Table  Xl^ 
Jill  in  the  Appendix  (pp.  102-115). 
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^he  results  relating  to  the  whole  period  of  20  weeks  are  sum- 

'narised  in  Tables  XIII.  and  XIV.,  which  now  follow.  (See  pp. 
40,   41)  ^       i*" 

■*^r«m  the  plan  given  above  it  will  be  seen  that  these  ezperi- 

A  'a.\-  \-  'lit  1»«1  .».•       1 


ts  with  sheep  comprised  three  directly  comparative  trials : — 

-l-     Between  Lot  1,  with  a  given  amount  of  barley  No.  1,  and 

Lot  2,  with  an  equal  amount  of  the  same  barley  malted. 
^-     Between  Lot  3,  with  a  given  amount  of  the  feeding-barley 

No.  2,  and   Lot  4,  with  an  equal  amount  of  the  same 

barley  malted. 
'^-     Between  Lot  3,  with  a  given  amount  of  barley  No.  2,  and 

Lot  5,  with  an  equal  amount  of  the  same  barley,  two-thirds 

unmalted  and  one-third  malted. 


he  only  deviation  from  this  plan  was,  as  found  by  calculation 
^^^lic  conclusion  of  the  experiment,  that  Lot  2  had,  during  the 
^  M^'eeks,  received  malt  equal  to  only  1326,  instead  of  1344  lbs. 
^>arley ;  that  is,  18  lbs.  =  1^  lb.  per  head  too  little,  which, 
over  20  weeks,  would  be  of  no  consequence,  and  was  partly 
^^pensated  by  the  extra  amount  of  swedes  consumed. 
-Tlie  tables  of  detail  (in  the  Appendix)  show  that  all  five  lots 
5  more  increase  in  live-weight  during  the  first  than  during 
of  the  subsequent  monthly  periods ;  and  they  pretty  uniformly 
^  the  least  in  the  fourth  month,  when  the  swedes  were  failing  ; 
did  they  give  much  more  in  the  fifth  and  last  month,  when 
allowance  of  barley  and  malt  were  increased.  But,  as  will 
^terwards  seen,  the  sheep  were  very  fairly  ripe,  and  as  fatten- 
animals  approach  that  condition  they  do  not  show  so  much 
^ease  in  live-weight  in  proportion  to  their  real  progress  in 
^i^^'^^limulation  of  solid  matter  as  in  the  earlier  stages  of  feeding. 
^^  O-^re  was,  moreover,  considerable  variation  in  the  rate  and 
^*^^ount  of  increase  among  the  individual  animals  of  each  lot, 
^^^  by  no  means  more  than  is  usual  when  as  many  as  a  dozen 
^i^Lxnals  are  fed  together  on  the  same  food.  In  fact,  the  average 
^^^sialt  obtained  from  the  twelve  animals  in  each  case,  and  each  fed 
^^^^  a  period  of  20  weeks  (see  Tables  XIII.  and  XIV.),  may  be 
"^^Icen  as  very  fairly  indicating  the  comparative  qualities  of  the 
different  foods. 

-^U  five  lots  of  sheep  gave  about  an  average  amount  of  increase, 
Tecltoiied  both  in  relation  to  a  given  live-weight  within  a  given 
^*™>^>  and  to  the  amount  of  food  consumed. 

^ae  amount  of  malt  given  in  experiments  2  and  4,  represented 

tiiree  times  as  much  barley  as  that  given  in  the  malted  state  in 

^^^P^riment  5,  and  constituted  a  much  larger  proportion  of  the 

^^  food  than  in  the  case  of  either  the  cows  or  the  oxen. 

-*  here  was,  however,  apparently  no  advantage  gained  from  the 
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uu  HV. — ^Bbsdlts  obtained  with  Shup,  on  Basukt  and  Halt  "  No.  2." 
Ftriod  of  Experiment  20  weeks ;  from  December  2,  1W;1,  to  Aiinl20,  H 
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larger  proportion  of  malt  in  the  food ;  for,  although  thi 
gave  about  an  average,  the  oxen  gave  more  than  an  ; 
amount  of  increase. 

There  was,  too,  with  the  sheep,  as  with  the  oxen,  compa 
little  difference  in  the  result  obtained  with  the  unmalt 
malted  grain.  But  such  as  it  was  it  was  more  in  favoui 
unmaltcd  than  of  the  malted  barley.  Thus,  in  the  com] 
experiment  with  barley  No.  1  (Lot  1  unmalted  and  Lot  2  i 
there  was  slightly  more  average  increase  per  head,  and,  ^ 
reckoning  only  the  actual  weight  of  the  malt  consumed 
amount  of  barley  from  which  it  would  be  produced,  aga 
animals,  there  was  slightly  less  both  of  fresh  food  and  o 
solid  matter  of  food  consumed  to  produce  a  given  am 
increase  with  the  malted  barley.  But  in  the  similar  com] 
experiment  with  barley  No.  2  (Lot  3  unmalted  and  Lot  4 
the  average  increase  per  head  was  in  a  somewhat  greatei 
in  favour  of  the  unmalted,  and  there  was  also  with  it  Ic 
expended  for  the  production  of  a  given  amount  of  increase, 
was,  too,  somewhat  less  average  increase  per  head,  and 
larger  quantity  of  food  required  to  produce  a  given  am 
increase,  when  two-thirds  of  the  barley  was  unmalted  a 
third  malted  (Lot  5)  than  when  an  equal  amount  of  tl 
barley  was  given  entirely  unmalted  (Lot  3).  There  were, 
both  a  less  average  increase  per  head,  and  a  greater  an 
food  required  to  produce  a  given  amount  of  increase  whc 
one-third  (Lot  5),  than  where  the  whole  of  the  barley  (Lot 
malted ;  still,  the  fact  is  that,  in  both  respects,  both  Ic 
malted  barley  (4  and  5)  gave  worse  results  than  Lot  3,  wh 
the  same  description  of  barley  entirely  unmalted. 

With  sheep,  therefore,  as  with  oxen,  there  was,  upon  th< 
less  food  exf>ended  to  produce  a  given  amount  of  increase 
weight  when  unmaltcd  than  when  a  corresponding  am 
malted  barley  was  givea  The  differences  were,  indec 
slight,  but  the  economical  advantage  is,  of  course,  more  ir 
of  the  unmalted  grain  than  the  figures  show,  when  the  cos 
malting  process  is  taken  into  the  calculation. 

At  the  conclusion  of  the  feeding  experiment  all  five 
sheep  were  sold  to  Mr.  Slater,  and  they  were  all  killed  ^ 
few  days  of  each  other.  The  feeding  experiment  en 
April  20.  On  April  21  five  of  Lot  1,  five  of  Lot  2,  anc 
Lot  3,  were  killed ;  on  April  22  six  of  Lot  4,  six  of  Lo 
one  each  of  Lots  1,  2,  and  3,  were  killed ;  and  on  April 
remaining  six  of  Lot  1,  six  of  Lot  2,  six  of  Lot  3,  five  o: 
and  six  of  Lot  5,  were  killed. 

The  actual  dead  weights  are  recorded  in  Table  XLL, 
per-centages  of  the  carcasses  and  other  parts,  in  the  live-f 
in  Table  XLII.,  pp.  116-119,  in  the  Appendix. 
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Iq  the  following  Table  (XV.)  are  summarised  the  per-centages 
the  dead  or  carcass  weights  in  the  unfasted  live- weights  of  the 
^ep  of  each  lot : — 

^UB  XV. — PsB-CEXTAOES  OP  Dead  OR  Caroass  Weights  (cold)  in 

UNFASTED   LiVE-WEIGHTS. 

SHEEP. 


Lut  1. 

Lot.  2. 

I/0t3. 

Lut  4. 

Lots. 

Sbe^T- 

Barley  ] 

J^o.  1. 

Barley  No.  2. 

No.. 

Unmaltod. 

Malted. 

Unraaltcd. 

Malted. 

if  UnmalUHl. 
4  M.ilUd. 

1 

51*4 

52-0 

53-4 

48-7 

.52'2 

2 

49-3 

47-8 

51-3 

48-8 

52-4 

3 

51*3 

50-0 

.%-o 

.50-8 

51-5 

4 

53-3 

51-4 

55-1 

♦ 

50-7 

fi 

49*3 

52-6 

r)l-8 

51-6 

471 

0 

47*8 

47-2 

64-6 

51-6 

51-7 

•* 

52-9 

54-0 

54-7 

49-3 

50-7 

H 

51-9 

64-0 

62-5 

49-3 

54-1 

9 

54-9 

53-1 

54-3 

62-9 

.V2-2 

10 

6i)-9 

50-8 

50-0 

55-6 

49G 

U 

60-4 

63-6 

50-0 

51-4 

60-0 

\'2 

55-6 

51-6 

53-2 

51-5 

62-3 

^*IM 

51-6 

61-5 

53-1 

51-0 

51 -2 

-^^^  sheep  being  sold  and  killed  without  being  shorn,  their 
^^ weights  of  course  included  the  wool,  and  hence  the  low  pro- 
^fMi  of  dead  or  carcass  weight  to  live-weight  in  all  cases.  Nor 
^  the  average  proportion  very  different  with  the  different  lots. 
'^h  as  it  was,  however,  it  was  slightly  in  favour  of  the  unmalted 
^l^y.  The  highest  proportion  was  given  by  Lot  3  fed  on  the 
^^Ited  barley  No.  2.  That  barley,  indeed,  contained,  as  will 
^membered,  considerably  the  higher  per-centage  of  nitrogen, 
^  was  doubtless  of  very  good  feeding  quality,  though  much 
*^iior  to  the  other  for  the  manufacture  of  malt  for  brewing 
^^poses. 

Mr.  Slater  reported  that  all  the  sheep  were  very  good  both  as 
S^Tded  size  and  quality ;  and  he  did  not  see  reason  to  draw  any 
^Unction  between  the  different  lots  further  than  was  indicated 
^  the  weights. 

.  XJpoa  the  whole  the  experiments  with  sheep  showed  very  little 
^SisTeiice  between  the  effects  of  a  given  amount  of  barley,  and  of 
"^  malt  and  malt-dust  produced  from  an  equal  weight  of  the 

*  ^0. 4.  Sheep  of  this  lot  was  killed  63  days  after  the  commencement  of  the 
experiment 
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same  barley.  Such  as  it  was  the  advantage  was  with  the  c 
malted  barley,  both  in  regard  to  the  amount  of  increase  in  11^ 
weight  obtained,  and  to  the  proportion  of  dead-weight  to  lii 
weight 

4.   The  Experiments  with  fattening  Pigs. 

Fifty-two  pigs  were  purchased  for  the  purpose  of  the  expe 
ments,  and  all  were  fed  for  a  preliminary  period  of  about  a  fo 
night  on  a  mixture  of  equal  parts  barley-meal  and  bran,  given  > 
libitum.  They  were  then  weighed,  and  six  lots,  of  eight  eac 
were  selected,  in  the  same  manner  as  for  the  sheep,  and  all  aga 
fed  for  a  few  days  on  the  same  mixture  of  barley-meal  and  bra 

On  December  24,  1863,  all  were  re^ weighed,  and  the  exa 
experiment  was  commenced,  and  it  was  continued  for  10  wee^ 
to  March  3,  1864.     Throughout  the  whole  period  all  had  1 
of  pea-meal  per  head  per  day,  and  the  respective  lots  had, 
addition,  special  food,  as  under : — 

Lot  1.  Unmaltcd  barley  No.  1,  ad  libitum. 

Lot  2.  The  malt  (with  its  dust)  from  barley  No.  1,  ad  libitz 

Lot  3.  Unmalted  barley  No.  1,  and  the  malt  (with  its  du 

from  barley  No.  1,  each  separately,  ad  libitum. 
Lot  4.  Unmalted  barley  No.  2,  ad  libitum. 
Lot  5.  The  malt  (with  its  dust)  from  barley  No.  2,  ad  libitui 
Lot  6.  A  mixture  of  four  parts  unmalted  barley  No.  2  wii 

the  malt  and  malt- dust  from  one  part  of  barley  Nal 

ad  libitum. 

The  barley  and  the  malt  were  each  coarsely  ground;  ao 
enough  to  last  for  several  days  being  weighed  out  for  each  lot,  i 
was  mixed  with  water,  and  so  given  as  needed.  The  daily  allow 
ance  of  pea-meal  was  mixed  with  a  portion  of  the  other  fooc 
The  animals  were  weighed  fortnightly,  and  at  the  conclusion  c 
the  10  weeks  they  were  all  killed,  and  the  weights  of  their  cai 
casses  ascertained. 

Barley-meal,  with  or  without  a  small  proportion  of  pea-mes 
is  recognised  as  perhaps  the  most  appropriate  fattening  food  c 
the  pig.  Such  a  diet  contains  a  very  much  larger  proportion  < 
starch  than  that  of  either  cows,  oxen,  or  sheep ;  and  if  malt  gi^ 
as  food  acted  in  any  material  or  striking  degree  by  reason  of  i< 
own  remaining  starch,  or  that  of  accompanying  food,  becomin 
more  readily  digestible  and  assimilable,  it  might  be  assumed  tbi 
it  would  be  particularly  advantageous  in  the  characteristictU 
starchy  food  of  the  fattening  pig. 

Analysis  has  shown  that  kiln-dried  malt  may  conlain  nesrl 
two-thirds  its  weight  of  unaltered  starch  and  starch  changed  oei 
into  the  more  soluble  form  of  dextrine,  and  not  more  than  fro) 
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10  to  12  per  cent  of  ready-formed  sugar.  The  question  arises, 
what  proportion  of  the  food,  to  act  the  most  advantageously,  should 
consist  of  malted  grain)  provided  it  were  advantageous  to  employ 
it  at  all  ? 

Considering  that  so  small  a  proportion  of  the  starch  of  raw 
barley  is  converted  into  sugar  by  malting,  it  seemed  desirable,  at 

t^j  rate  in  some  of  the  experiments,  to  give  nearly  the  whole  of 
the  meal  in  the  state  of  malt,  and  in  others  to  give  much  less,  in 
'  admixture  with  a  considerable  amount  of  raw  grain,  or  other 
starchy  food.  Accordingly,  as  shown  by  the  plan  of  the  experi- 
ments with  pig^  given  above,  beside  the  1  lb.  of  pea-rmeal  given 
per  head  per  day  to  each  lot  of  pigs.  Lot  1  had  barley  No.  1,  ad 
ICUfiim,  and  Lot  2  the  malt  (and  dust)  from  the  same  barley, 
od  Kbitum ;  thus  substituting  the  whole  of  the  unmalted  grain 
of  Lot  1  by  malted  grain,  whilst  the  animals  of  Lot  3  were 
allowed  to  take  of  the  unmalted  or  the  malted  grain  at  pleasure. 
Again,  Lot  4  had  barley  No.  2,  ad  libitum;  Lot  5  the  malt  (and 
dost)  from  barley  No.  2,  ad  libitum ;  and  Lot  6  a  mixture  of 
feor-fifths  nnmalted  and  one-fifth  malted  barley  No.  2,  ad 
tOntmn. 

The  result  of  this  arrangement  was,  that  in  the  cases  of  Lots  2 
^  5,  the  one  with  the  first  and  the  other  with  the  second  quality 
iDitIt,  ad  libitum^  the  malt  contributed  from  85  to  90  per  cent,  of 
the  total  dry  or  solid  matter  consumed  ;  that  in  experiment  3,  in 
which  the  pigs  took  the  unmalted  or  the  malted  grain  at  pleasure, 
die  dry  or  solid  matter  of  the  malt  consumed  amounted,  taking 
die  average  of  the  whole  period,  to  only  about  13  per  cent,  of 
die  total  solid  matter  of  the  food ;  and  that  in  experiment  6,  in 
which  only  one-fifth  of  the  barley  was  given  in  the  malted  state, 
the  malt  contributed  only  between  16  and  17  per  cent,  of  the  dry 
^  solid  substance  consumed. 

For  the  sake  of  comparison  with  the  above  statements,  it  may 
he  observed  that  in  the  experiment  with  cows  the  malt  contributed 
otdy  about  7^,  in  that  with  oxen  between  13  and  14,  in  experi- 
nents  2  and  4  with  sheep  between  22  and  23,  and  in  experiment  5 
with  sheep  only  about  7^  per  cent  of  the  total  solid  matter  of  the 
^  oonsumed.  Taking  all  the  experiments  together,  therefore, 
die  proportion  of  the  total  food  given  as  malted  grain  varied  very 
considerably,  contributing  in  several  cases  only  from  7  to  8,  and 
ID  othen  nearly  90  per  cent,  of  the  total  solid  substance  of  the 
W  of  the  animals. 

It  may  be  further  remarked  on  this  point,  that  although  taking 
die  average  of  the  whole  period  the  pigs  of  Lot  3,  which  settled 
fcr  themselves  the  proportion  of  malt  in  their  food,  took  only 
^hoQt  13  per  cent  of  the  total  solid  substance  in  tlie  form  of 
o^t,  yet  during  the  first  fortnight  they  took  31|,  during  the 
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second  19^,  during  the  third  only  3^,  during  the  four 
during  the  fifth  6J  per  cent.,  giving  over  the  total 
10  weeks  the  average  of  about  13  per  cent.,  as  above  si 
would  thus  appear  that,  pig-like,  they  took  of  the  swe< 
grain  to  nauseation  at  first ;  they  then  reduced  their  con 
of  it  to  a  minimum,  and  afterwards  gradually  increase 
slight  degree. 

The  details  of  the  feeding  experiments  with  pigs  are 
Tables  XLIII.-XLIX.,  and  those  relating  to  their  dea< 
in  Tables  L.-LI.  in  the  Appendix,  pp.  120-137. 

The  results  of  the  feeding  experiments  are  summ 
Tables  XVI.  and  XVII.,  which  now  follow.     (See  pp. 

Leaving  the  details  given  in  the  Appendix  for  ref 
will  suffice  to  call  attention  here  to  the  average  results 
over  the  total  period  of  ten  weeks  in  each  experiment 

The  pigs  of  Lots  1,  3,  4,  and  6,  which,  besides  th< 
pea-meal  per  head  per  day  given  to  all,  had,  as  their  s 
food,  either  unmalted  barley  entirely,  or  only  a  small  p 
of  malted  barley,  gave  fully  an  average  amount  of  incn 
in  relation  to  their  weight  within  a  given  time  an 
amount  of  food  consumed.  Those  of  Lots  2  and  5,  on 
hand,  which  had  as  their  additional  food  malted  barlej 
gave  a  defective  result  in  both  respects ;  those  of  Lot 
the  malt  from  the  barley  No.  1,  being  the  worst 

There  is  no  doubt  that  in  the  two  last-mentioned  ex] 
(2  and  5),  the  proportion  of  saccharine  matter  in  the 
was  unnaturally  large.     It  was  probably  somewhat  so  i 
ment  6,  in  which  the  additional  food  consisted  of  f 
unmalted  barley  and  the  malt  and  dust  from  one  part  o 
for  when,  as  in  experiment  3,  the  unmalted  and  maltc 
were  each  given  separately,  ad   libitum^  although   at 
animals  took  more  than  one-third  from  the  malted,  thi 
very  much  in  their  consumption  of  it,  until,  averaged 
whole  ten  weeks  of  the  experiment,  they  had   not  ta! 
one-sixth  in  the  malted  state.     Even,  however,  in  the  1 
in  which  not  more  than  one-fifth  or  one-sixth  of  the  c 
food,  or  not  more  than  one-sixth  or  one-seventh  of  the 
was  in  the. form  of  malted  barley,  rather  more  food  was 
to  produce  a  given  amount  of  increase  than  when  the 
die  additional  food  was  unmalted  barley. 

The  pigs  were  not  sent  to  London,  but  were  sold  ai 
in  the  neighbourhood.  The  animals  of  pens  1,  2,  4,  ai 
killed  in  tihe  evening  of  March  3,  the  feeding  experime 
concluded,  and  the  last  live-weights  having  been  tak< 
morning  of  that  day ;  but  the  pigs  of  pen  6  were  not  ki 
March  7,  nor  those  of  pen  3  until  March  9,  so  tha 
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Tabu  XVL — Rssults  obtained  with  Pigs,  on  Bablky  and  Malt  "  No  1." 
Period  of  Ex|)erimciit  10  weeks;  from  December  24,  1^(;3,  to  Ma»cli  l\,  18G4. 


Food  oonsiimed. 


Total 
in  10 


Per 
Ilcad 


Week*,    per  Day. 


Per 

100  Itm. 
Live- 
weight 

Week. 


To 

produce 

100  lbs. 

Increase. 


Pigs. 


Weights,  and  Increase  in  Live-weight. 


Weights. 


Increase  in  Live-weight. 


At 

C(»m- 

menco- 

ment. 


At 

Con- 
cltuiion. 


Total 

in  10 

Weeks. 


Per 
Hoad 

per 
Week. 


Por 

100  lbs. 
Live- 
weight 

per 
Week. 


I/)t  1. — 8  PigB ;  Food— Pea-meal,  and  Unmaltcd  Barley. 


lbs. 

lbs. 

lbs. 

•>i  ■  .  . 

660 

100 

3-4 

4.902 

8-76 

29-3 

lbs. 

47-6 

416-8 


Nob. 

lbs. 

lbs. 

lbs. 

1 

158 

2s7 

129 

2 

160 

336 

176 

3 

133 

26 1 

131 

4 

134 

2S7 

153 

5 

135 

270 

135 

6 

122 

297 

176 

7 

122 

241 

119 

8 

122 

2^0 

16B 

Totals     . 

1,0^6 

2,262 

1.176 

Averages 

136 

2K3 

147 

14-7 


7-03 


Lot  2.--8  ] 

Pigs;  Food— Pea-meal,  and  Malted  Barley. 

lbs. 

Ibe. 

lbs. 

lbs. 

Xus.           lbs. 

lbs. 

lbs. 

Ibe. 

lbs. 

/ 

1 

172 

290 

118 

11-8 

^ 

■1 . . . 

660 

I -00 

3-7 

67-9   I 

2 
3 

144 
142 

278 
242 

134 

100 

13-4 
10-0 

:-^£i:5i 

4,331* 

7-82* 

29'2* 

631 -O* J 

4 
6 
6 

133 
130 
124 

240 
224 
228 

107 

91 

104 

10-7 

9-4 

10-4 

l  6-50 

•  'J 

7 

119 

214 

95 

9-5 

8 

123 

196 

73 

7-3 

/ 

Totals    .      1,087 

1.912 

&26 

.    •• 

•  • 

Averages  \      136 

239 

103 

10-3 

6-50 

^  8^-^  Pigs ;  Food — Pea-meal,  Unmaltcd  and  Malted  liarley  (with  malt-<liust). 


Um. 

Ibg. 

lb..  1 

■». . 

490 

l-OO 

3-4     ; 

.^^ 

3,491 

7-12 

1 
24-3 

••^is:si 

668» 

1-34* 

r 

4-6 

•  •  -J 

1 

1 

N06. 

lbs. 

lbs. 

lbs. 

lbs. 

I 

147 

250 

133 

13-3 

2 

150 

287 

137 

13-7 

3t 

(150) 

(163) 

(13) 

— 

4 

144 

282 

13<* 

13*8 

6 

129 

273 

144 

14*4 

0 

130 

2h0 

150 

15-0 

7 

12f 

2«4 

160 

16-0 

8 

128 

231 

103 

10-3 

Totals  . 

952 

1,917 

965 

•  • 

Averages 

136 

274 

138 

13-8 

lbs. 


6*73 


6-73 


Sr.'Pint  reuimmt,  not  the  actual  wdoiits  of  malt  and  malfr-doBt^  bat  the  weight  of  the  barlt^y  firom  which 

Jgr*i>iKof  this  lot  WM  killed  21  days  after  the  commenoement  of  the  experiment ;  and  its  weights,  and  the 
^**<ii(iaiitgf  CmmI,  are  excluded. 


Tabli  XVn. — Bbsitltb  obteined  with  Pios,  on  Barlit  and  Uaup  "  No. 

PBriix!  of  Ejti>crinioiit  lO  wtoks     from  Dcceuilier  24,  1863,  to  March  3,  1864. 


\&. 


ws. 


Lot  4.-8  Pigs;  Food-Pea-meal.  »nd  Unnalted  au-ley. 

lb. 

llM. 

lU. 

lbs. 

Nca. 

'5-0 

lb.. 

'm 

.■si 

Pck-iw*!    .     .     . 

«u 

1'»0 

3'B 

M-a 

141 

3M 

!«5 

B«.7,.^u.m.l«4| 

4.627 

g-oa 

Ml-I 

)M 

M» 

i" 

"'» 

Tiiiiik  .  1  l.QM    1  l.ies 

i.'Oio   1     .. 

A.«^»|       .3,     1      .,0 

IM    1    .».. 

Lot  5.-8  Pigi ;  Food— Peft-moal,  and  Mallod  Barley  (with  Mai  Wnst). 

=1 

l-M 

ffl-T 

Kau 

1 

Ibi 

3>S 

an 

laa 

ii 

t.^   .  1  1..,, 

s.m   ,  i.w.  1    ,. 

A«™««|       13, 

m        ■«   t  »■< 

BmiT.       tMllrtl 


'.*"     I      *M 


•  Thtm  ban*  njcsait,  not 
wmlil  bgpmdiiad. 

t  No.  t  K(  gf  lUi  lot  dhd  U 


iilBult-d[ui,bn(Uuinlgbtor  Aa  Ut 
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(MM  the  live-weighti  upon  which  the  per-centagea  of  the 
oitanet  are  calculated  were  taken  some  days  later  than  the  con- 
diuiooirfthe  exact  feeding  experiment. 

The  actnal  live  and  dead  weights  are  given  in  Table  L.,  and 
ie  per-ceatages  of  the  dead  weights  in  the  live-weights  in  Table 
LI.,  pp.  134-137  in  the  Appendix. 

The  per-cenlages  of  carcass  or  dead  weight  in  unfasted  live- 
wight  are  summarised  in  Table  XVIII.,  which  now  follows: — 

Tuu  XVm. — PzB-oxNTAOBB  of  Deas  Or  Oaroass-weeghts  (cold)  in 

UMTABTED  LlTE-WXIOHTa. 


..u. 

Lot  3. 

L.... 

Lot*. 

"'■■ 

u. 

B.rfcj-  So.  I. 

Barlf y  Nn.  3. 

i:nid.t(*d 

_____ 

784 

76'5 

so-a 

7S-7 

M-7 

78 

78 

78 

TB-1 

m 

78-9 

77 

77-* 

7B 

« 

78 

80-1 

711 

78-0 

80 

77 

« 

750 

ga-8 

7S 

78-1 

78 

7 

ri 

79-1 

80-1 

77-5 

76-3 

78-3 

"*«. 

79-3 

78-6 

77-4 

78-6 

77-9 

77-8 

Joe  pigs  had  increaaed  in  frame  a  good  deal  whilst  feeding 
^  bnn  and  barley-meal  before  the  commencement  of  the  ez- 
Pt'iinents,  and,  for  their  size,  none  of  them  were  very  fat  at  the 
**>cliuion.  The  table  shows  that  the  average  proportion  of 
^Kut  waa  greater  in  pen  1,  with  barley  No.  1  unmalted,  than 
*"  other  pens  2  or  3,  with  the  same  barley  either  entirely  or  in 
Pw  malted.  It  was  also  greater  in  ipen  4,  with  barley  No.  2 
"lUBslted,  than  in  either  pens  5  or  6,  with  the  same  barley 
Vlully  or  in  part  malted.  With  both  qualities  of  grain,  how- 
*^,  there  was  a  slightly  better  average  proportion  of  dead 
^U  where  the  whole  than  where  only  a  part  of  the  additional 
I  W  consisted  of  malt.  But  it  will  be  remembered  that  the 
•"wont  of  increase  and  its  proportion  to  food  consumed  were 
^'^\j  greater  with  the  smaller  proportion  of  malt,  and  as  the 

*  No.  3  pig  of  I>ot  3  -WH  killed  SI  daja  after  the  commencemeiit  of  the  ezperi- 
111*1;  No.  a  jflr  of  Lot  6  died  43  days  after  the  experimeat  commenced ;  and 
^ )  ^  (Lot  6)  was  killed  on  the  1  Sth  da;  of  the  ezperiment. 
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two  Lots  3  and  6,  which  had  the  smaller  proportion,  were  thos 
which  were  not  killed  until  several  days  after  the  conclusion  < 
the  feeding  experiment,  there  is  not  the  same  reliance  to  b 
placed  in  the  proportion  of  the  carcass  to  the  unfasted  liv< 
weights,  the  latter  being  at  any  rate  different  from  those  taken  i 
the  conclusion  of  the  feeding  experiment,  after  which  the  feedin 
was  possibly  not  quite  so  r^ular,  and  the  animals  perhaps  fulle 
and,  therefore,  heavier  in  proportion  to  the  carcass,  at  the  tin: 
their  final  unfasted  weights  were  taken. 

An  inspection  after  killing  showed  the  comparative  charact 
of  the  carcasses  to  be  as  follows : — 

Pen  1,  with  barley  No.  1  unmalted ; — much  alike,  of  ve 
good  quality,  but  not  fully  ripe. 

Pen  2,  with  barley  No.  1  malted ; — uneven,  pig  No.  1  pret 
ripe,  of  good  colour,  and  had  a  good  flare,  as  al 
had  pig  2,  whilst  Nos.  4,  5,  6,  7,  and  8  appeared 
have  been  wasting,  and,  as  will  be  seen  by  referent 
to  Table  XLVIII.  p.  130  in  the  Appendix,  dioj 
animals,  especially  pig  No.  4  (which,  however,  gai 
a  high  proportion  of  dead  weight),  fell  off  ver 
much  in  rate  of  increase  during  the  last  few  weel 
of  feeding. 

Pen  3,  with  barley  No.  1  unmalted  and  malted  each  ca 
libitum ; — pork  very  firm,  and  of  good  quality ;  flest 
very  white. 

Pen  4,  barley  No.  2  unmalted  ; — pork  very  good,  and  hot 
little  difference  among  the  individuals  of  the  pen. 

Pen  5,  barley  No.  2  malted ; — pork  of  very  good  quality. 

Pen  6,  barley  No.  2,  four- fifths  unmalted  and  one-fiftb 
malted  ; — pork  very  white  in  the  flesh,  and  of  TCf} 
good  quality. 

The  general  result  with  the  pigs  was : — ^that  more  increase  in 
live-weight,  and  more  meat,  were  obtained  fit>m  a  given  amooDl 
of  barley  unmalted  than  from  an  equal  amount  of  the  iani< 
barley  malted  ;  that  the  progress  of  the  animals,  and  the  qaalit) 
of  the  meat,  were  less  uniform  when  a  considerable  quantity  o^ 
malted  barley  was  given;  that  when  only  a  moderate  qusntit] 
of  malt  was  given  die  quality  of  the  meat  was  very  good ;  sd^ 
lastly,  that,  considering  the  difference  in  the  amount  of  incret^ 
in  live-weight  yielded  for  a  given  amount  of  food  consomK) 
there  was  comparatively  little  difference  in  the  proportion  c 
dead  weight  to  live  witli  the  unmalted  and  the  malted  btrlej 
but  such  as  it  was  it  was  in  favour  of  the  unmalted. 
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SUMMARY. 


The  results  of  the  whole  inquiry  may  be  briefly  enumerated  as 

fbOows : — 

Tlie  Loss  and  Chemical  Charges  which  the  Grain  undergoes  by 

malting. 

1.  In  malting  barley  of  fair  malting  quality,  in  the  usual  way, 
tkere  was  a  loss  of  nearly  19  per  cent  of  its  weight,  about  12  of 
which  were  water,  the  remaining  7  being  solid  matter  or  food- 
material 

2.  In  malting  barley  of  good  feeding  but  inferior  malting 
quality,  there  was  a  loss  of  about  22  per  cent  of  its  weight,  of 
which  15  were  water,  and  7  solid  matter  or  food  material. 

3.  The  loss  of  solid  matter  consisted  chiefly  of  starch,  or  other 
Don-nitrogenous  substances,  but  comprised  also  a  small  amount 
of  nitrogenous  .or  ^' flesh-forming,"  and  mineral  matters. 

4.  The  most  characteristic  change  which  the  grain  undergoes 
hj  malting  is  the  conversion  of  a  portion  oi  its  starch  into 
dextrine,  and  the  further  conversion  of  a  portion  of  the  latter, 
Counting  to  from  8  to  10  per  cent  of  the  grain,  into  sugar. 

5.  By  malting,  the  grain  acquires  properties,  by  virtue  of 
which,  when  the  malt  is  digested  with  water,  much  of  its  own 
I'einaining  starch  gradually  changes  into  dextrine  and  sugar; 
vid  if  the  digestion  be  aided  by  heat,  not  only  the  whole  of  the 
Kmaining  starch  of  the  malt  itself,  but  the  starch  of  a  consider- 
tble  quantity  of  unmalted  grain  or  other  starchy  substances 
ouzed  with  it,  may  become  so  converted. 

S.  Owing  to  the  great  loss  of  moisture  and  non-nitrogenous 
nbitances — in  fact,  of  total  weight — which  grain  undergoes  by 
Qialting,  a  given  weight  of  the  malted  grain  contains  a  larger 
qoantity  of  nitrogenous  or  ^*  flesh-forming "  substances  than  an 
^ual  weight  of  the  unmalted  gp*ain  ;  but  as  there  is  an  actual 
Ion  of  those  substances  by  malting,  a  given  weight  of  malt  will, 
of  coarse,  contain  less  of  them  than  the  amount  of  barley  from 
*hich  it  was  produced. 

Malting  and  the  use  of  Malt  for  feeding. 

^*  It  is  probable  that  if  grain  were  malted  extensively  for 
^^'uig  purposes,  the  growth  would  not  be  carried  so  far  as  in 

E  2 
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the  manufacture  of  malt  for  brewing,  and  the  loss  of  solid  mat 
or  food  material  would,  of  course,  be  less  accordingly. 

8.  As  the   "  malt-dust "    contains  ^  considerable  amount 
food  material,  abstracted  from  the  grain  during  growth,  wl 
malt  is   used   for   feeding   the    "dust"    should    either   not 
separated,  or,  if  separated,  should  be  given  to  the  animals  alo 
with  the  screened  malt 

9.  Owing  to  the  loss  of  weight  which  grain  undergoes 
malting,  equal  weights  of  malted  and  unmalted  grain  should  i 
be  employed  in  comparative  feeding  experiments,  but  only 
much  malt  (with  the  dust)  as  would  be  produced  from  i 
amount  of  raw  grain  given,  or  to  be  substituted,  in  the  paral 
experiment. 

10.  Malt  given  as  food  to  animals  may  be  supposed  to  ; 
simply  by  supplying  more  or  less  of  the  starch  of  the  grain  fn 
which  it  was  produced  in  the  more  soluble  and,  perhaps,  the 
fore,  more  easily  digestible  conditions  of  dextrine  and  sugar, 
also  by  aiding  the  conversion  into  dextrine  and  sugar  of 
starch  of  other  foods  given  with  it 

The  Experiments  with  milking  Cows, 

11.  A  comparative  experiment  was  made  in  which,  besi 
other  appropriate  food,  10  cows  received,  for  a  period  of 
weeks,  3  lbs.  of  fair  malting  barley  per  head  per  day,  and  otl 
10  received  the  amount  of  malt  (with  its  dust)  produced  fr< 
3  lbs.  of  barley  from  the  same  stock. 

12.  In  the  experiment  in  which  the  malt  was  given  it  cent 
buted  about  7^  per  cent  of  the  solid  matter  of  the  total  food. 

13.  The  result  was,  that  almost  exacdy  the  same  amount 
milk  was  yielded  for  a  given  amount  of  food  with  the  unmalti 
and  with  the  malted  barley,  but  that  the  milk  from  the  coi 
having  the  unmalted  barley  contained    the  higher   proportic 
of  cream. 

The  Experiments  toith  fattening  Oxen. 

14.  A  comparative  feeding  experiment  was  made  for  a  penc 
of  20  weeks,  in  which,  widi  odier  appropriate  food,  10  o^ 
received  4  lbs.  of  good  feeding  barley  per  head  per  day,  a> 
other  10  the  amount  of  malt  (with  its  dust)  produced  from  4U 
of  barley  from  the  same  stock. 

15.  In  the  experiment  with  malt  it  contributed  about  13^  p 
cent  of  the  dry  or  solid  substance  of  the  food. 

16.  Both  lots  of  oxen  gave  more  than  an  average  amount 
increase,  whether  reckoned  in  proportion  to  a  given  live-weig 
within  a  given  time,  or  to  a  given  amount  of  food  consamec 


(    53    ) 

but  the  10  having  the  unmalted  barley  gave  rather  more  than 
tiH)se  haying  the  malted. 

^  17.  The  barley-fed  oxen  also  gave  rather  the  higher  propor- 
tion of  dead-weight  to  live,  and,  although  neither  lot  was  fully 
ripe,  the  barley-fed  animals  were  more  even  in  condition  and 
qoalitj  than  the  others ;  but  the  beef  of  some  of  the  malt-fed 
ones  was  decidedly  superior  in  point  of  ripeness  and  quality, 
and  that  of  others  decidedly  inferior  to  that  of  any  of  the  barley- 
fed  oxen. 

18.  It  would  seem,  therefore,  that  the  effect  of  the  malt  as 
food  was  more  dependent  on  the  constitution  and  condition  of 
the  individual  animals  than  was  that  of  the  barley ;  and  it  should 
l)e  remarked  that  the  oxen  which  fattened  the  best  upon  the 
mtlt  were  not  the  most  backward  or  weakly  animals,  but  those 
which  were  the  heaviest  and  in  the  best  condition  at  the  com- 
mencement 

The  Experiments  toith  fattening  Sheep. 

19.  Comparative  experiments  were  made  for  a  period  of  20 
^^Itt  with  five  lots  of  sheep,  of  12  each.  Besides  other  appro- 
priate food  given  equally  to  all,  the  allowance  per  head  per  day 
^»«— to  Lot  1  from  f  to  1  lb.  of  fair  malting  barley  ;  to  Lot  2 
^  malt  (with  its  dust)  from  an  equal  amount  of  the  same 
Wey ;  to  Lot  3  from  |-  to  1  lb.  of  good  feeding  barley ;  to 
^t  4  the  malt  (with  its  dust)  from  an  equal  amount  of  the  same 
^\tj\  and  to  Lot  5  an  equal  amount  of  the  same  barley,  two- 
^l^s  unmalted  and  one-third  malted. 

20.  In  experiments  2  and  4,  the  malt  contributed  about  22^ 
P^^  cent,  and  in  experiment  5  about  7^  per  cent,  of  the  dry  or 
*oHd  sulxstance  of  the  food. 

.  21.  AH  five  lots  of  sheep  gave  about  an  average  amount  of 
^crease;  there  was  very  little  difference  in  the  result  obtained 
^th  the  unmalted  and  the  malted  grain  ;  but  such  as  it  was  it 
^  ntther  in  favour  of  the  unmalted. 

22,  The  mutton  of  all  five  lots  was  of  very  good  quality  ; 
^^^  was  no  appreciable  difference  between  the  lots  in  this 
'^'pect,  but  the  barley-fed  animals  gave  slightly  the  higher  pro- 
portion of  dead-weight  to  live- weight. 

The  Experiments  with  fattening  Pigs. 

23,  The  appropriate  food  of  the  fiaittening  pig  contains  a  larger 
Portion  of  starch  than  does  that  of  either  cows,  oxen,  or 
*.^^  If,  therefore,  the  starch  of  food  be  rendered  more 
^^g^ble  and  assimilable  by  its  artificial  conversion  into  the 
'"^^e  tolable  forms  of  dextrine  and  sugar,  it  might  be  supposed 


(    54    ) 

that  it  would  be  peculiarly  advantageous  to  malt  a  part,  or 
whole,  of  the  characteristically  starchy  food  of  the  fattening  ] 

24.  Experiments  were  made  for  a  period  of  10  weeks  with 
lots  of  pigs  of  eight  each.  Besides  1  lb.  of  pea-meal  per  h 
per  day  given  to  all — Lot  1  had  crushed  malting  barley,  Lc 
the  crushed  malt  (with  its  dust)  from  the  same  barley,  and  L 
the  unmalted  and  the  malted  barley,  each  separately,  ad  lihiti 
Lot  4  had  crushed  feeding  barley.  Lot  5  the  crushed  malt  (v 
its  dust)  from  the  same  barley.  Lot  6  the  same  barley,  four-fi 
unmalted  and  one-fifth  malted,  ad  libitum. 

25.  In  experiment  2  the  malt  contributed  87^,  in  experin 
3  about  13,  in  experiment  5  about  89,  and  in  experiment  6  al 
16 J  per  cent,  of  the  dry  or  solid  substance  of  the  food. 

26.  The  pigs  having  pea-meal  and  entirely  unmalted  ba 
(Lots  1  and  4)  gave  a  full  average  amount  of  increase,  boil 
relation  to  a  given  live-weight  within  a  given  time,  and  t 
given  amount  of  food  consumed  ;  those  having  only  a  small 
portion  of  malted  barley  (Lots  3  and  6)  increased  in  l 
respects,  nearly,  but  not  quite,  as  well ;  but  those  having  the  ] 
meal  and  entirely  malted  barley  (Lots  2  and  5,  more  especi 
Lot  2),  gave  less  increase  in  relation  to  a  given  live-we 
within  a  given  time,  and  required  the  expenditure  of  considen 
more  barley  to  produce  a  given  amount  of  increase. 

27.  The  pigs  having  the  unmalted  barley  (Lots  1  and  4) 
gave  the  best  average  proportion  of  dead-weight  to  live-wei 
and  their  pork  was  of  very  good  quality  ;  and  with  the  excep 
of  Lot  2  having  (besides  the  pea-meal)  entirely  malted  hs 
No.  1,  the  pork  of  the  other  lots  was  also  of  very  g^ood  qua 
but  the  more  evenly  so  where  only  a  small  proportion  of  i 
was  given  (Lots  3  and  6). 

General  Conclusions. 

28.  The  general  conclusion  from  the  results  of  the  di 
experiments  with  cows,  oxen,  sheep,  and  pigs,  is,  that  a  g^ 
weight  of  barley  is  more  productive,  both  of  the  milk  of  a 
and  of  the  increase  in  live-weight  of  fattening  animals,  than 
amount  of  malt  and  malt-dust  that  would  be  produced  from  i 

29.  The  results  of  these  new  experiments,  as  here  stated, 
consistent  with  those  obtained  in  an  official  inquiry  conductec 
1845-6,  by  the  Drs.  Thomas  and  Robert  Dundas  Thom 
with  cows  and  with  oxen.  They  are  consistent  with  the  res 
of  experiments  made  at  Rothamsted,  in  1848  and  1849,  ^ 
sheep ;  and  also  with  those  of  others  made  in  1854  with  pig< 
which  some  were  fed  on  sugar. 

30.  Wherever  weights  have  been  taken  as  a  measure  oi 
effects  produced,  experience  hitherto   has   failed   to  show 
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advantage  in  malt  over  the  amount  of  barley  from  which  it 
would  be  prodaced,  as  a  staple  food  for  healthy  milking  cows 
or  fattening  animals ;  and,  if  no  advantage,  there  must,  in  point 
of  economy,  be  a  loss,  on  account  of  the  cost  of  the  malting 
process. 

31.  Irrespectively  of  economy,  malt  is  undoubtedly  a  very 
good  food  for  stock  ;  and  common  experience  seems  to  show 
that  a  certain  amount  of  it  is  beneficial  when  given  in  admixture, 
and  in  change,  with  other  food,  to  young  or  weakly  animals,  or 
in  "making  up"  or  "  finishing''  for  exhibition  or  sale  ;  that  is, 
when  the  object  is  to  produce  a  particular  result  irrespective  of 
the  economy  required  in  ordinary  feeding. 

John  Bennet  Lawes. 


Bo(ham8ted,  Herts,  Auffust,  1865. 


APPENDIX. 


The  Determination  of  the  Sugar  in  the  Barley y  and  in  tiie  ProducU  of  the 

Malting  Process, 

As  each  of  the  several  methods  for  the  quantitative  estimation  of 
sugar  seemed  possibly  open  to  some  objection  when  applied  to  complex 
solutions  such  as  the  extract  of  malted  grain,  or  malt-dost,  it  was 
decided,  for  the  sake  of  confirmation,  in  all  cases  to  adopt  two  methods, 
and  always  to  make  at  least  two  experiments  with  each.  The  follow- 
ing is  an  outline  of  the  methods  adopted ;  and  in  Table  1  (p.  59)  are 
given  the  results  of  each  individual  experiment. 

1.  Determination  by  the  FermentcUion  and  Alcohol  Method. 

The  grain,  unmalted  or  malted  as  the  case  might  be,  being  finely 
ground,  630  grains  were  stirred  up  with  200  septems  *  of  cold  water, 
and  the  mixture  allowed  to  stand  for  about  an  hour.  It  was  then  weU 
rubbed  in  a  mortar,  and  transferred  to  a  bottle,  1000  septems  of  water 
being  used  in  rinsing  the  mixture  into  the  bottle,  and  then  500 
septems  more  were  added,  making  in  all  1700  septems  of  water  and 
630  grains  of  substance.  The  mixtures  were  generally  made  about 
the  middle  of  the  day,  well  shaken  at  intervals  throughout  the  after- 
noon, and  then  allowed  to  stand  to  settle  till  the  next  morning,  when 
as  much  as  possible  of  the  supernatant  liquid  was  removed  by  means 
of  a  syphon.  The  solutions  were  turbid,  but  did  not  react  with  iodine. 
To  1000  septems  100  septems  of  lime-water  were  added,  and  the 
mixture  was  very  slightly  warmed  to  expedite  precipitation,  after  which 
there  remained  a  pedectly  clear,  but  coloured  supernatant  liquid.  Of 
this  700  septems  were  taken  for  fermentation,  and  the  remainder  was 
left  for  the  determination  of  the  sugar  by  the  copper  method. 

In  the  preparation  of  the  extract  from  the  malt-dust  some  deviation 
from  the  above  mode  of  procedure  was  made.  In  its  case,  200  septems 
of  milk  of  lime  were  added  to  800  septems  of  the  original  infusion, 
and,  after  filtration,  only  600  septems  of  the  liquid  were  taken  for 
fermentation,  the  remainder,  as  before,  being  left  for  the  copper 
method. 

From  the  above  figures  it  results  that  the  extract  submitted  to 
fermentation  represented  in  the  case  of  the  malt-dust,  177*9  grains, 
and  in  that  of  the  barley  and  of  the  other  products  of  the  T^^lting 
process,  235*8  grains  of  original  substance. 

The  yeast  employed  was  pressed  in  a  cloth,  or  between  blotting 
paper,  and  then  well  mixed  before  being  weighed  out  for  use.    Of  the 

*  1  septem  measure  =  7  grains,  or  j  j„th  of  a  pound  avoirdnpois,  of  water. 
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^  piepared  yeast  90  grams  were  employed  for  each  fermentation ;  and 
[Wo  lots,  of  90  grains  each,  were  always  mixed  with  water,  and  left  to 
erment  side  by  side  with  the  fermenting  extracts,  the  whole  being 
naintftined  as  nearly  as  possibly  at  a  temperature  of  78^  F. 

^t  the  condnsion  of  tiie  fermentation,  each  flnid  was  submitted  to 
iistillation,  and  the  distillate  was  weighed  in  a  1000-grain  bottle,  in 
Tuscemye  quantities  as  it  was  collected,  until  the  specific  gravity 
bowed  that  only  pure  water  came  over.  The  sum  of  the  attenuation 
ff  the  several  separately  weighed  lots  of  the  distillate,  less  that  of  the 
Listillate  from  tiie  yeast  fermented  with  pure  water,  gave  the  total 
ttenoation  in  1000  grain  measures  due  to  the  alcohol  formed  from 
he  sugar  of  the  substance  experimented  upon.  The  amount  of  proof 
pirit  which  1000  grain  measures  of  spirit  of  the  attenuation  thus  found 
>eing  ascertained  by  reference  to  Bate's  Tables  (and  interpolation),  it 
mly  remained  to  calculate  the  amount  of  alcohol  which  that  amount 
Kf  proof  spirit  represented,  and  then  the  amount  of  sugar  (dry  malt- 
>T  grape-sugar  =  Cu  Hu  Ou)  to  which  the  amount  of  alcohol  was 
Mi^iUTalent,  tiius : — 

X  X  180  .^ 

— ^ —  =  malt-sugar. 

2.  DetemUncUion  by  the  Copper  Method, 

A  standard  solution  was  made  by  dissolving,  separately,  in  water : — 
245  grains  of  crystallized  sulphate  of  copper, 
700  grains  of  crystallized  tartaric  acid, 
840  grains  of  fused  caustic  soda, 
IJ^^iziiig  the  solutions,  and  making  up  with  water  to  1000  septems  at 

Aooording  to  calculation,  on  the  assumption  that'  1  equivalent  of 
S<^  sugar  would  reduce  10  equivalents  of  oxide  of  copper,  100 
^^Ipieins  of  this  solution  should  indicate  8*535  grains,  or  1  septem 
'0%35  gndn  of  grape-sugar. 

Another  standard  solution  was  made  by  dissolving — 

242*98  grains  of  crystallized  sulphate  of  copper, 

700  grains  of  crystallized  tartaric  acid, 

840  grains  of  fused  caustic  soda, 
"^  making  up  to  1000  septems.    Of  this  solution  100  septems  re- 
'^^'BSQnted,  by  calculation,  8*506  grains,  or  1  septem  *03506  grain  of 
^pe-sogar. 

.  The  actual  value  of  each  of  these  solutions  was  determined  from 
^^>^  to  time  by  means  of  a  solution  made  by  dissolving  10  grains  of 
2^^  cane  sugar  in  2  or  8  ounces  of  water,  adding  20  or  80  drops  of 
^^^Qng  sulphuric  acid  (previously  diluted),  boiling  for  a  short  time  to 
^UYert  the  cane  sugar  into  grape-sugar,  and  when  cold  making  up 
^  500  septem  measures  with  water.  Each  septem  of  this  solution 
'^presented,  therefore,  *02  grain  of  cane-sugar,  or 

•02  X  180      ^„,^^       .     - 

-=- =  "02105  gram  dry  grape-sugar. 
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In  testing  the  valne  of  the  solutionB,  or  in  actual  working,  50  oi 
100  septem  measures  of  the  copper  solution  were  put  into  a  smal 
flask  and  heated  by  means  of  a  water  bath.  The  solution  of  sugar,  oi 
prepared  grain-extract,  was  then  allowed  to  flow  in  by  degrees  from  i 
burette,'  until  the  point  of  saturation  was  attained.  Even  with  th< 
solutions  of  pure  sugar,  it  was  difficult  to  determine  by  the  eye  whei 
the  whole  of  the  copper  was  precipitated,  nearer  than  by  one  or  twc 
septems  of  the  solution;  and  witii  the  coloured  grain-extracts  th< 
difficulty,  and  range  of  error  in  reading,  were,  of  course,  increased 
In  practice  it  was  found  necessary,  as  the  point  of  saturation  wai 
approached,  from  time  to  time  to  remove  a  few  drops,  filter,  and  tea 
by  a  solution  of  yoUow  prussiate  of  potass. 


The  DetemUnaiion  of  the  Woody-fibre,  in  (he  Barley,  and  in  the  Produc 

of  (he  Making  Process, 

For  each  determination  12  grammes  (185*2  grains)  of  the  finc^ 
ground  substance  were  taken.  1200  septems  of  dilute  sulphuric  acS 
made  by  mixing  1  volume  of  oil  of  vitriol  and  16  volumes  of  wat^ 
were  put  into  a  flask  with  a  wide  mouth  closed  by  means  of  a  sul  a 
funnel  to  prevent  loss  by  evaporation,  and  then  heated  to  the  boilL: 
point.  The  substance  was  then  added,  the  mixture  well  shaken,  k^ 
at  the  boiling  point  for  precisely  15  minutes,  filtered  immediate 
and  washed  with  hot  water  until  the  washings  no  longer  redden 
blue  litmus  paper.  The  solid  matter  was  then  washed  from  the  fiLI 
by  means  of  hot  water,  and  more  hot  water  added  to  make  up  to  '^ 
same  volume  as  before,  namely,  1200  septems.  The  mixture  hex 
brought  to  the  boiling  point,  in  the  flask  as  before,  there  was  lb 
added  exactly  sufficient  of  a  concentrated  solution  of  caustic  potass 
known  strength  to  bring  the  whole  to  1  per  cent,  alkali.  This  '^ 
then  boiled  for  precisely  15  minutes,  the  supernatant  fluid  fiOlterecL 
rapidly  as  possible  (the  filtration  being  much  expedited  by  pouri 
boiling  water  into  the  filter  along  with  the  fluid),  and  finally  the  so. 
matter  transferred  to  the  filter,  and  washed  as  rapidly  as  possible  ^ 
boiling  water.  The  washing  was  continued  until  the  filtrate  no  lon^ 
turned  reddened  litmus  paper  blue ;  then  two  or  three  drops  of  dil^ 
sulphuric  acid  were  added,  and  the  washing  continued  with  boil^ 
water  until  the  washings  no  longer  turned  blue  litmus  paper  Te 
The  residue  on  the  filter  was  then  transferred  to  a  smidl  covers 
crucible,  dried  at  212%  and  weighed,  the  result  representing  om^ 
woody-fibre.  Of  this,  a  weighed  portion  was  burnt,  to  determine  ^ 
amount  of  mineral  matter ;  another  portion  was  taken  for  the  detai 
mination  of  nitrogen,  which,  multiplied  by  6*3  gave  the  amount  C 
nitrogenous  substfuice.  The  amount  of  minenl  and  nitrogenoii 
matters  so  determined  were  then  deducted,  by  calculation,  from  tb 
crude  woody-fibre,  the  remainder  representing  the  woody-fibre  a 
entered  in  Table  II.,  p.  60. 
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Tablk  Vll. — BssxjLTB  of  the  partial  Analysis  of  Water  before  and 

after  being  nsed  for  "  SxEBPiNa "  Barley. 


GonstitaeniB. 


Grains  per  Qallon. 


Pump  Water  before  being  used  for  Steeping. 


Organio  matter 

Mineral  matter 

Total  solid  matter . 


Water  from  the  Cistern  after  Steeping. 


Organio  matter 
BiinenJ  matter 


265055 
155-70 


Total  solid  matter . 


420-75 


>  OontilntDg Hitrogen  8'<2=Nitrogezx)itt  nilMtanoe  64*81. 


F 


(   ee   > 


9   . 

il 


^1 

•s  ► 

II 

•<    ft 


1^ 
•s 


¥ 

1 

m 
m 

fill 
Sill 
III! 
HI 

1 

S    S 

s  s 

s 

ES 

s 

i 

2 

s  ss 

83 

s 

? 

■i 

sa 

? 

s 

i 

— 

■a. 
i 

s 

lis 
Si 

s 

1 

■5 

S3 

8 

i 

1 

S 

1 

s  ss 

S2 

as 

i 

S 

^1 

i 

1 

1- 

3| 
Si 

^ 

f 

■a 

S 

s 

i 

^ 

S    EE 

g 

-- 

s 

! 

i 

r 

if 

'  1 

i 
1 
1 

1 
1 
1 

j 

s 

(     67     ) 


J 


^1^ 


is 


a   . 


«D  ® 


s 


SIS 


«  o  9 

£51 


co*o 

<^  COCO 


coo 

i-H  QC  O  <0  iH 

•         •         •  M 

COaoaO 


l^iH 


CO  Ob- CO  eo 
ce^  o  CO  ol 

91  C^  pH        ^ 


OC  b*0«0 

Od  CO  00  CO  F-l 

•h  »  Sk 


oo> 

f-^CO 

ooo 
o*o 


S8 

m       m 

O  CO 


O  CO 


04  lO 

d  co»-t  t-f^ 

c^eo  co«H 

»   »   • 

t*co«o 


•J 


It 

11 


5,  g 
Q 


bO 

a 

CO 

I 

J5 


g 


00  w  Nco  t^ 

•       •       •       •       • 

o^eocooi 


•        •        •        •        • 

CO  CQ  04  0>  00 


1-1  00  00  b-O 

•    •    •    •    • 

r^  O  O  00  00 


(NOO 

•  • 

OOO 


iss; 


CO  00 


SSSS8 


i 


T  a 


Table  X.— EzpxBmiHTa  nude  with  COWS,  ftt  Nnr 
iHt  Week.— Dwell 

^""^  '     old,  ^  AnInULli    i 


Lot  1.— SpceUI  Food.— Uumltcd 
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16 

t     10 

156 

105 

12 

1 
156 

9 

98 

9 

163 

16 

100 

12 

160 

3 

.8 

7 

1.829 

6 

— 

9      4 

IS 

10 

10 

16 

11 

9 

14  1 

16 

6 

10 

1 

16 

0 

9 

14 

182 

15 

26 

2 

s.  Barley  (No.  1.),  per  head  per  day.* 


■wOOL 

hm.  OSS. 

Itw. 

on. 

18b.  OZB. 

Iba. 

OZB. 

Ibe. 

OZB. 

lbs. 

ozs. 

lbs. 

OZB. 

Iba. 

OZB. 

Iba.   ( 

DZS. 

Iba. 

on. 

r    0 

11 

10 

6 

16 

11    16 

6 

•i 

11 

4 

6 

9 

10 

0 

3 

7 

125 

2 

17 

14 

»      4 

18 

14 

11 

1 

17     15 

9 

», 

18 

3 

11 

2 

18 

8 

9 

4 

202 

8 

28 

16 

r  10 

12 

1 

7 

3 

11     12 

6 

1 

16 

15 

7 

0 

11 

6 

6 

6 

137 

4 

19 

10 

t'  IS 

12 

5 

10 

6 

14      9 

7 

14 

7 

16 

14 

0 

8 

8 

157 

15 

22 

9 

1 

14 

9 

9 

12 

16      6 

9 

3 

9 

11 

16 

14 

9 

8 

173 

13 

24 

13 

14 

15 

5 

9 

4 

14     16 

8 

0  > 

1 

8 

6 

15 

12 

7 

10 

169 

7 

24 

3 

12 

16 

14 

10 

8 

17      6 

9 

8 

10 

10 

18 

0 

8 

6 

187 

1 

26 

12 

14 

16 

T 

9 

11 

17      0 

8 

1 

16 

8 

9 

9 

16 

6 

9 

0 

180 

6 

26 

12 

10 

18 

8 

10 

13 

18    12 

8 

6 

0 

11 

0 

19 

7 

10 

2 

202 

14 

29 

0 

0 

24 

161 

16 

15 
14 

3 

13 

14 

23      6 

12 

t 

!  24 

1 

16 

13 

4  ' 

1 

26 

1 

0 

12 

1 

260 

16 

37 

4 

3 

99 

T 

162    14 

84 

1 
165 

I 

7 

95 

2 

'l64 

4 

84 

4 

1,797 

4 

- 

1 
10     j 

9 

16 

16      6 

8 

1 

16 

9 

9 

1 
8 

1 
16 

i 

7 

8 

7 

179 

12 

26 

11 

7  Um^i 


^od  pnlp«(l  swedes,  50*4  lbs.,  per  head  per  day. 


Table  XL 

(    70    )                                             1 

— ExFKBiMENTB  made  with  COWS,  at  Niwun* 
2iid  Week.— Dwonbei  2*.  m 

: 

<!,-■» 

■^ 

Ymis 
old. 

Diui 
Cklrtng. 

(Detll.) 

Ummt. 

- 

^     1     .* 

..J 

Lot  l.-BpecicJ  lBV«d.-Vitii>Ued  Brid 

aim,  Ik. 

ll 

CroH  SboithoTti  . 
Oogi  SbotUnm  . 
C™.ahorthcm. 
Cn»i  Sbanbsni  . 
Craa  Sboittaom  . 
Cfm  Y«kil,l«  . 
Cioa  Yorkihlre  . 
OoHArnhlre   . 
Bhortiom      .     , 

Aetd 

OS.          M 
April      H 
AprU      « 
8qA       « 
April      U 
April         » 

Oct.        M 
ToUj     . 
Ann|" 

11. 

1,041 
l.OU 

1,M0 

l.MO 

II    a 

«9        0 

•     13 

&• 

n,«, 

»•      • 

.»1> 

M  t 

1,1M 

»    a 

*     IS 

«U 

•• 

Lot  2.— Speoul  Food.— Malt  uid  Iblt^ 

™-' 

Nfl* 

CrwiYorMdrB. 

Sbmtlioni      .     . 
Cm  ShorUtDTn  . 
Ctmb  SiorUioni  . 
CMa  Wcliib  .     . 
CrcShorthoni. 

Om  KioTtliom  . 
Sborttaan      .     . 

': 

Oc*.        M 
April      » 
Jnoe       1« 
(tot        1> 
Jbm       11 

Aptfl      M 
April      U 
Hot.       M 

ToMU     . 

1,0M 

1,«U 
I, MO 

Ibi-oa. 
M      t 

la   10 

U      B 

14    U 

u    * 

!!•<» 

11. AM 

l»4       ■ 

M   « 

,..  . 

»    I 

,,.. 

0     1. 

,.» 

'" 
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BuoBT.    Dbtailid  Rboord  of  the  Milk  tiblded,  &c. 
ry  3, 1864. 


AY. 

TSUBSDAT. 

Fbidat. 

Satubdat. 

SUXOAT. 

Total 

in 
Seven 
Days. 

PbrHead 

rJi. 

AJf. 

rjf. 

AJff. 

r.M. 

AM. 

r.M. 

A.M. 

TM. 

P^Day. 

3  Ibe.  per  head  per  day.* 


A.OSB. 

Ibfl. 

on. 

lbs. 

OBB. 

lbs. 

0X8. 

Iba. 

oza. 

lbs. 

oasA. 

Iba. 

0Z8. 

Ibt. 

OZB. 

Ibe. 

oza. 

lbs.  ois. 

lbs.  00. 

i        1 

10 

9 

8 

8 

10 

6 

8 

0 

10 

3 

7 

0 

a 

8 

6 

2 

134 

8 

19   3 

i      6 

18 

2 

14 

2 

19 

5 

14 

8 

17 

2 

16 

0 

17 

4 

13 

I 

229 

2 

32  12 

)  16 

16 

6 

9 

3 

16 

7 

8 

14 

16 

0 

8 

11 

16 

4 

7 

9 

172 

12 

24  11 

)   6 

12 

8 

9 

0 

13 

2 

9 

13 

13 

10 

8 

12 

13 

8 

8 

8 

154 

2 

22   0 

L   6 

16 

13 

10 

6 

16 

11 

10 

0 

16 

1 

11 

0 

14 

9 

10 

0 

186 

13 

26  11 

)   3 

13 

13 

8 

8 

13 

It 

8 

0 

13 

0 

7 

7 

13 

2 

7 

0 

151 

4 

21  10 

i      6 

13 

12 

8 

9 

13 

10 

8 

7 

13 

14 

7 

12 

12 

9 

7 

1 

150 

4 

21   7 

i       0 

16 

6 

8 

11 

16 

12 

8 

3 

16 

2 

8 

0 

13 

12 

6 

3 

166 

3 

23  12 

1       1 

13 

1 

1 

6 

12 

7 

7 

7 

13 

4 

6 

3 

13 

12 

6 

12 

140 

12 

20   2 

2   8 

21 

» 

10 

6 

20 

0 

11 

0 

20 

13 

11 

2 

21 

2 

9 

6 

231 

11 

33   2 

1       1 

152 

12 

94 

10 

162 

7 

94 

4 

148 

1 

90 

16 

147 

6 

80 

6 

1,717 

7 

— 

9    12 

15 

4 

9 

1 

16 

4 

9 

7 

14 

13 

9 

2 

14 

12 

8 

1 

171 

12 

24   9 

16.  Barley  (No.  1.),  per  head  per  day.* 


■.OM. 

lbs. 

OUb 

lbs. 

OIB. 

lbs. 

0Z8. 

lbs. 

on. 

lbs. 

on. 

lbs. 

on. 

lbs. 

on. 

lbs. 

on. 

lbs.  on. 

lb&  on. 

6  12 

9 

10 

4 

14 

9 

1 

6 

3 

9 

0 

6 

0 

10 

0 

6 

0 

101 

3 

14   7 

0  12 

18 

6 

9 

9 

18 

4 

9 

6 

17 

0 

7 

2 

17 

0 

8 

8 

190 

3 

27   3 

6  10 

10 

6 

8 

2 

9 

15 

6 

10 

8 

10 

6 

12 

8 

0 

4 

10 

112 

4 

16   1 

8   8 

14 

8 

9 

10 

13 

11 

» 

10 

14 

13 

7 

0 

14 

0 

7 

6 

169 

2 

22  12 

9   9 

16 

12 

8 

14 

16 

6 

7 

13 

16 

2 

8 

9 

16 

0 

8 

0 

169 

10 

24   4 

8  11 

16 

0 

8 

12 

16 

6 

9 

0 

14 

0 

8 

2 

14 

11 

6 

14 

167 

7 

23  16 

.0  12 

17 

1 

9 

11 

17 

8 

9 

14 

17 

0 

9 

10 

17 

0 

8 

2 

188 

4 

26  14 

8   9 

16 

0 

8 

7 

14 

12 

8 

9 

14 

13 

8 

12 

16 

12 

6 

8 

164 

10 

23   8 

9   9 

18 

4 

10 

6 

18 

6 

9 

2 

It 

4 

10 

8 

17 

0 

8 

14 

191 

7 

27   6 

13  16 

24 

16 

12 

7 

23 

12 

12 

11 

22 

1 

13 

4 

24 

0 

10 

6 

266 

12 

36   9 

12  11 

159 

14 

90 

12 

156 

15 

86 

13 

150 

11 

84 

11 

162 

7 

74 

3 

1.699 

14 

— 

9   4 

16 

0 

9 

1 

16 

11 

8 

11 

16 

1 

8 

8 

16 

4 

7 

7 

170 

0 

24   5 

iff,  f  •?  lbs.  *,  and  palped  swedes,  60*4  lbs.,  per  hsad  per  day. 
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CoWB. 
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(DK.  110 

h™.. 

-I 

..»    « 

—   1 

Lot  ].— Spectel  Food.— Dnmalled  Bu)?  1 

1  s» 

Ita 

».„„..,..  .J 

;        .         Cn-Sbortton, 

1 

uiv     w 

I.OM 

■"  'l •■ 

• 

Oct.        M 

l,Mt 

'•  V*  ', '1 

3      c™si.oni«ni 

Agrf 

April      » 

1,0« 

..  .1.  J.. .,.»! 

.        CrcwShorOan. 

1 

April      ai 

l.ou 

"■■:•  ■,'■"■  J 

E        CnHSboiUidm 

S 

Sq*       M 

1,0M 

,.  ^.    .   .>u ;.  J 

MUhkc' 

«        C™  Torluhl™ 

I 

April      1« 

1,IM 

•      14        11       1 

'"1 

I        CroH  Vcrbbin 

10 

April       « 

i.sw 

13     0 

a   u     u    1 

"1 

9        C™.Ajtihlnl 

'      s 

JUDD         IS 

au 

19    11 

«      •  1  U     T 

,nl 

«        Shorllxini 

4 

Jd»      It         I.IU 

la    0 

...1,  .  ..■ 

W        Shorthm.      - 

i 

1          ) 

Oct.        » 
A™i»m 

J.na 

ID     10 

1.  .|„.«.| 

ii,«, 

•"•-'■"■"■| 

lAM 

UlslbU.U    i|»*| 

Lot  l-BpecW  Food^Malt  tad  MilM*  I 

NOL 

■ludl     10 

Ibfc 

k- 

1    u 

"TT 

Bk» 

CRHSbonbom 

oa.       aj 

m 

i«  11 

11     10 

1.   u 

*   H 

Sbortlwni.     . 

Aprtl      IB 

1,3(0 

.  . 

4     U 

»     ' 

* 

CnMBbortbotn 

June.    1« 

l.OM 

t    s 

u    * 

t    It 

lieldot         ) 
MUk.kc 

OiMaboniKni 

CnmWOcb  . 

OcL        x» 

JnM       18 

"* 

!!  i" 

■    13 

M     It 

'     ' 

CnwShacUuRi 

Ju»       M 

I.DOS 

11    1 

a  u 

1«      4 

•    ' 

CnHVorkibIn 

April       M 

l.OU 

1  U      1 

8      8 

11      t 

I     ' 

OnaSbgnbom 

April      l> 

1,H0 

.  1*   ■ 

11      8 

14      t 

t  a 

10 

Nn.       30 

l.W 

31      0 

11     U 

19      • 

a  a 

Tetob    . 

11.0W    llU     «  !  H    11  ''lU     • 
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..,..]..  .l..il... 

■  11 

•* 
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BuoBT.      Dktaiued  Rsoobd  of  the  Milk  yielded, 
lary  lO,  1864. 

&C, 

BBtAT. 

Tbubsdat. 

Fritut. 

Satubdat. 

Sunday. 

Total 

in 
Seven 
Days. 

Per  Heul 

FJt. 

1  *^ 

TJt. 

AM. 

PJf. 

A.M. 

P.M. 

A.M. 

T.K. 

Per  Day. 

) ;  3  lbs.  per  head  per  day  * 


UMw  ozs.  '   lbs.  < 

1                             I 

omo. 

IlM. 

on. 

1 
lbs. 

on. 

lbs. 

on. 

llba. 

OSS. 

'lb. 

0S8. 

lbs. 

OZS. 

lbs. 

OZS. 

lbs.  ozs. 

lbs.  0Z8. 

1 

el     9 

1 

7 

4 

10 

0 

7 

1 

8 

8 

7 

9 

9 

0 

8 

6 

119 

4 

17      1 

14 

6       17 

12 

12 

10 

18 

1 

13 

6 

17 

14 

13 

12 

17 

8 

;i2 

5 

219 

7 

31       6 

ft 

9       14 

14 

8 

7 

16 

6 

8 

14 

16 

0 

8 

1 

16 

4 

8 

12 

167 

8 

23     16 

9 

3     la 

0 

9 

12 

14 

2 

7 

16  i 

12 

16 

8 

12 

12 

0 

9 

0 

153 

16 

22      0 

i     11 

1           1% 

3 

9 

0 

16 

0 

10 

8 

14 

7 

10 

0 

15 

2 

9 

11 

179 

12 

26       1 

5        12 

0 

7 

8 

11 

10 

6 

8 

12 

2 

8 

11 

12 

6 

11 

133 

9 

19      1 

I      7 

10       12 

13 

8 

5 

13 

" 

8 

1 

0 

13 

3 

14 

12 

0 

7 

3 

146 

3 

20     14 

2 

6 

14 

i  12 

1 

7 

6 

10 

12 

12 

7 

11 

14 

1 

15 

12 

8 

6 

12 

139 

4 

19     14 

4 

• 

14 

11 

6 

6 

10 

11 

11 

1 

6 

» 

12 

0 

12 

12 

0 

6 

6 

127 

13 

18      4 

3 

12 

4 

22 

0 

12 

3 

22 

1 
12 

12 

1 

22 

8 

11 

2 

21 

10 

9 

8 

236 

7 

33     12 

3 

1 

8 

140 

7 

88 

6 

146 

1 

88 

6 

143 

10 

87 

6 

138 

12 

84 

1 
9 

1 

1,623 

2 

— 

f 

9 

1 

14 

1 

8 

13 

14 

8 

i 

8 

13 

14 

6 

8 

12 

13 

14 

8 

7 

162 

6 

23      3 

S  JbB,  Barley  (No.  1,\  per  head  per  day.* 


» 

Qaon. 

lbs. 

on. 

lbs. 

MS. 

lbs. 

OIS. 

lbs. 

ozs. 

lbs. 

1 

OZS. 

lbs. 

0X8. 

lbs. 

OZS. 

lbs. 

ozs. 

lbs.  ozs. 

lbs.  ozs. 

6    10 

9 

8 

6 

8 

9 

12 

6 

0 

9 

16 

6 

2 

10 

1 

4 

0 

106 

16      2 

9      5 

17 

0 

9 

13 

16 

1 

10 

4 

17 

11 

9 

2 

17 

6 

8 

3 

188 

26    16 

4      6 

6 

0 

6 

6 

5 

4 

4 

0 

6 

10 

3 

10 

6 

1 

3 

4 

73 

10      9 

8      3 

11 

1 

7 

9 

<  13 

1 

14 

7 

1 

13 

16 

7 

2 

14 

0 

6 

7 

139 

19    14 

7     13 

15 

2 

8 

3 

14 

16 

8 

6 

'  14 

7 

8 

9 

14 

7 

7 

10 

162 

23      3 

I      7      3 

14 

6 

8 

12 

16 

6 

8 

0 

16 

14 

8 

0 

16 

3 

7 

8 

161 

23      1 

•       8     Itf 

16 

4 

9 

0 

16 

9 

8 

14 

16 

6 

8 

9 

16 

14 

8 

4 

176 

26      3 

r    »■ 

13 

0 

7 

7 

13 

14 

7 

0 

ii3 

16 

6 

8 

16 

8 

7 

6 

148 

21      2 

19    14  ; 

17 

7 

10 

.3 

18 

12 

9 

12 

18 

0 

10 

16 

16 

12 

9 

6 

191 

27      6 

13       3-31 

8 

12 

14 

23 

0 

12 

0 

22 

8 

10 

10 

23 

7 

11 

4 

242 

34     11 

30     10     1 

139 

13 

84 

10 

147 

4 

81 

6 

148 

6 

78 

3> 

148 

11 

73 

3 

1.690 

— 

i 

•  -J 

14 

0 

8 

7 

14 

12 

8 

2 

14 

13 

7 

13 

14 

14 

7 

6 

169 

22     12 

■ft  T  '7  ttm.  i  and  polped  swedes,  60*4  lbs.,  per  betd  per  day. 


k  cows,  at  Nnun 
Idi  Wctk.— Jinnij  11 


A|ia    H      i.iM 


CnaTwtAin. 


It  S.— SfweU  Food^HaUand  lUMrt 


O&tH.     aB.M.      I 


SMitbam 
CnaaHrtbm  . 
CreaSbenboRi  . 
CrwWvkb. 

CniB  SboTtboni  . 
CroHrffkdiln  . 

Cnw  BhortlHni  . 
SbnrUura 


April      M 


Aprfl 
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,  BnoBT.      I>sTAii*n>  Bioobd  of  the  Milk  yielded, 
utry  17,  1864. 

&C, 

FBmar. 

Satubdat. 

SUMDAT. 

Total 

in 
Seven 
Days. 

UDAT. 

'FflnJBBDAT. 

Per  Head 

PJI. 

^k^JK* 

pjf. 

AM, 

1 
1 

P.M. 

1 

A.X. 

PJf. 

'      A.M. 

P.IC. 

per  Day. 

.1 ;  3  Ibs»  per  head  per  day.** 


lite. 
T    14 


1 


IbB. 

9      lO 


I  {13  14 
119  2 
(19  0 
tllO  10 
19 1    4    10 

91  1  13 
ul  t  8 
ul    T       0 

4     11    10 


It 

le 

13 


8 

o 

6 

13        0 
13     15 

13  8 

14  10 
la  9 
21     10 


llM. 

oo. 

Um. 

on. 

7 

8 

10 

9 

13 

17 

8 

8 

14 

16 

8 

8 

13 

0 

10 

15 

IS 

2 

7 

13 

6 

7 

14 

13 

12 

8 

16 

1 

6 

14 

13 

6 

11 

10 

23 

0 

•     90 


•  :    9 

I 


146     13 


91 


14 


lbs.  OSS. 

7  6 

13  4 

8  9 

8  8 

9  13 
7  3 

7  5 

8  1 
6  9 

11  14 


161      3 


88 


16 


8    13  ' 


lbs. 

0X8. 

1 
lbs.  ozs. 

9 

8 

7    14 

17 

6 

14    12 

15 

14 

9      7 

12 

6 

10      3 

15 

9 

9    14 

12 

10 

7     15 

13 

1 

7     16 

13 

7 

7    16 

12 

13 

7      3 

21 

14 

11      6 

144 

8 

94      8 

14 

7 

9      7 

lbs.  ozs. 
9      0 


17 
16 
12 


4 
0 

4 


14  6 

13  12 

14  6 
14  10 
12  6 
22  6 


lbB.0B. 

7  2 

13  4 

8  11 

9  2 
9  7 
7  7 

6  13 

7  0 
6  12 

12  6 


146      6 


14    10 


87 


lbs.  ozs. 

121  14 

213  15 

173  6 

160  14 

170  14 

139  16 

147  9 

164  4 

137  13 

237  0 


1,647      8 


8    11       164    12 


lbs.  ozs. 
17      7 

30      9 

24    12 

21      9 


24 
20 
21 
22 


7 
0 
1 
1 


19    11 
33    14 


23 


M  8  lbs.  Barley  (Ko.  !.)» per  head  per  day.* 


^ 

^nm. 

am. 

libs. 

on. 

Ibe. 

on. 

Iba. 

on. 

lbs. 

on. 

Um. 

on. 

lbs. 

on. 

lbs. 

ozs. 

lbs. 

ozs. 

lbs. 

MS. 

lbs. 

OH. 

• 

ft 

1 

10 

3 

12 

10 

5 

10 

9 

13 

5 

10 

10 

3 

4 

9 

106 

16 

15 

2 

n 

1  » 

S  i 

17 

9 

10 

17 

9 

3 

17 

4 

9 

14 

18 

4 

8 

4 

189 

7 

27 

1 

« 

3 

3 

2 

4 

3 

4 

4 

2 

10 

2 

9 

3 

0 

53 

0 

7 

a 

1 

14 

7 

2 

12 

8 

14 

11 

12 

8 

1 

12 

0 

7 

10 

145 

6 

20 

12 

• 

IS 

16 

9 

10 

18 

15 

7 

12 

12 

4 

7 

4 

12 

13 

6 

6 

151 

0 

21 

9 

13 

14 

9 

11 

14 

8 

14 

6 

8 

1 

16 

0 

7 

14 

161 

3 

33 

0 

• 

17 

10 

17 

15 

9 

12 

18 

8 

10 

2 

18 

8 

10 

4 

192 

11 

27 

a 

4 

14 

14 

7 

14 

15 

8 

14 

10 

8 

0 

14 

7 

8 

0 

161 

9 

23 

1 

• 

18 

10 

17 

12 

10 

18 

1 

18 

1 

10 

3 

20 

0 

197 

6 

28 

3 

t 

13 

.  L 

11 

11 

21 

0 

11 

20 

8 

12 

1 

22 

0 

12 

6 

238 

2 

34 

0 

-1 

•0 

13  '/l43 

,  1 

83 

145 

2 

82 

14 

141 

6 

81 

14 

146 

9 

78 

5 

1,695 

10 

• 

•I 

8 

? 

14 

4! 

1 

8 

14 

8 

8 

14 

2 

8 

3 

14 

11 

7 

13 

169 

9 

22 

13 

t't  tb^  i  "^  P*^P^  UPedM,  50*4  Ibi.,  per  head  per  day. 


T*M  XIT 

(    76    ) 
— Exnuvcm  made  with  COWS,  &t  Niwuim 

.^Ih  \V«:k.-JlD[iaJ  U 

I 

.^              T«          ^         'Sr 

l.«^. 

Tcma.  1 

. 

1                                       -^^       t^^*•     (JT^, 

^   1   ut 

H" 

Lot  L-Sp«WBl  Ftad.— IhuBJtal  Bdrj 

llllk.*c^ 

s        CwStMitun. 
*        CmTMUiln  . 

J        Ct«.V«t^l«. 
s        Ctn-irnliln    . 

10      iEhotUnn      . 

»        Ctl        »        J 

Ae^       Jlprt       M         I 

t        Afrt      »  ,      1 

r       April     u'     1 

10        AprtI       •        1 

;  z  :\ . 

Ul        11      •      T    11 
III       U      ■     1»    11 

:":[:: 

•M         U      3  1     ■      T 
»        .3    »  i    )      . 
»4         13     U       t     IS 
*M         H      a       t     Jl 

sii      n    a  1  11    • 

1 1 

1  B 

I!l. 

■■ 

-■-i 

. 

.«   i  u  u  1  ,  » 

-H 

Lot  S.-6pecul  Food.— Umlt  uxl  lUtJiri 

'■aSkVi 

Kca. 

Cron  Tntilitn 

Sbortbon      . 

Cam  Wsldi' . 

CnnSbonlwRi  . 

» 

. 

April    n 

JOH         1* 

Jdh       H 
April      H 
April      1* 
Nm.        30 

Total.  . 

Annta 

OM 
Ml 

n* 

2SI 

DULIV. 
U      1 

10      * 

-^ 

«ra    [in     I  1  J»     ( 

•  A 

*'"""°*"°'^" 

ii<ftiivm 

Ml 

ia-m«l.i 

Us-ickH 

ncdiK 

.»' 

(    77    ) 

RuGBT.      DsTAiLXD  Bboobd  of  the  Milk  yielded,  &c. 
ary  24,  1864. 


5DAT. 


Thubsdat. 


A.1C. 


r.M. 


Fredat. 


A.M. 


PJf. 


Saturday. 


Ajr. 


P.M. 


SWTtAY. 


AM. 


r.M. 


Toua 

In 
Seven 
Days. 


Per  Head 
per  Day. 


) ;  3  lbs.  per  head  per  day.* 


IlM.< 

«,.; 

Um. 

«.. 

Ite. 

on. 

lbs. 

ozs. 

'lbs. 

OZ8. 

lbs. 

0Z8. 

lbs. 

ozs. 

lbs. 

ozs. 

lbs. 

0Z8. 

lbs. 

ozs. 

'  lbs. 

OSB. 

t 

». 

8 

12 

8 

3 

10 

7 

2 

11 

4 

7 

3 

11 

0 

7 

1 

123 

8 

17 

10 

13 

11 

17 

4 

13 

10 

18 

13 

0 

18 

6 

13 

8 

11 

10 

13 

0 

219 

0 

31 

6 

8 

13 

16 

6 

9 

13 

16 

10 

9 

5 

16 

4 

9 

1 
3 

17 

2 

8 

14 

111 

6 

25 

6 

9 
1 

0 

13 

3 

8 

12 

13 

8 

3 

13 

10 

8 

1 
8 

13 

8 

7 

14 

163 

6 

21 

14 

I 
1  8 

0 

16 

2 

9 

6 

16 

0 

10 

3 

13 

6 

10 

10 

15 

4 

9 

10 

110 

10 

24 

6 

t 

8 

12 

14 

7 

13 

!  13 

7 

11 

13 

11 

7 

4 

13 

0 

6 

13 

146 

3 

20 

12 

T 

IS 

12 

14 

8 

11 

11 

8 

12 

i  13 

10 

7 

3 

13 

0 

7 

11 

146 

1 

20 

14 

t 

8  ■ 

14 

4 

7 

12 

14 

12 

7 

14 

14 

4 

8 

1 

14 

12 

7 

0 

166 

2 

22 

3 

6 

8 

11 

6 

7 

6 

11 

4 

6 

12 

11 

1 

6 

11 

11 

10 

6 

12 

128 

3 

18 

5 

[ 

12 

8 

21 

2 

12 

8 

'21 

1 

10 

13 

4 

21 

10 

12 

6 

21 

0 

10 

14 

236 

7 

33 

10 

1 

88 

7 

144 

3 

93 

3 

1 
146 

12 

92 

2 

147 

1 

90 

8 

147 

14 

84 

9 

1,663 

13 

— 

; 

8 

14 

14 

t 

7 

9 

5 

'u 

9 

9 

3 

14 

11 

9 

1 

14 

13 

8 

7 

166 

6 

23 

10 

3  lbs.  Barley  (No.  1.),  per  head  per  day.** 


L 

am. 

on. 

Uml 

ozs. 

lbs. 

OIB. 

1 
lbs. 

ozs. 

lbs. 

on.| 

lbs. 

on. 

lbs. 

1 
ozs.  lbs. 

ozs. 

Ibe. 

ozs. 

lbs. 

on. 

lbs. 

ozs. 

» 

8 

10 

9 

10 

6 

10 

10 

6 

6 

13 

9 

4 

6 

9   9 

0 

6 

9 

108 

0 

16 

7 

» 

9 

14 

17 

9 

9 

6 
3 

17 

6 

9 

13 

16 

9 

10 

6  '  17 

6 

9 

2 

188 

7 

26 

15 

I 

3 

2 

4 

2 

2 

2 

2 

1 
0 

2 

3 

2 

0 !;  2 

0 

1 

6 

36 

6 

6 

1 

r  7 

14 

12 

7 

2 

13 

11 

8 

14  i 

12 

6 

8 

1   14 

4 

6 

8 

150 

0 

21 

7 

1 

8 

1 
1 

13 

2 

8 

f 

13 

12 

7 

12 

14 

1 

7 

10  1'  13 

2 

8 

0 

147 

2 

21 

0 

t 

1 

7 

t 

1 

14 

14 

8 

i 

4 

14 

1 

7 

13 

13 

14 

8 

4  '1  13 

14 

8 

10 

157 

3 

22 

7 

9 

1 

16 

11 

10 

5 

16 

4 

7 

12' 

1 

16 

10 

8 

3   16 
14   12 

2 

9 

0 

180 

12 

25 

13 

7 

1 

14 

0 

8 

0  1 

1 

13 

11 

9 

1 ; 

13 

10 

8 

13 

6 

10 

151 

6 

21 

10 

11 

1 

18 

1 

11 

« 

17 

11 

11 

3 

18 

6 

9 

7  i  18 

;i 

12 

10 

15 

201 

11 

28 

13 

1 
1 

11  . 

0 

10 

0 

11 

o' 

19 

14 

10 

10 

18 

1 

10 

7 

ii» 

8 

11 

0 

216 

10 

30 

15 

80 

4  139 

15 

81 

1 
8  ! 

138 

14 

80 

11 

1 

134 

0 

78 

13 

136 

13 

76 

12 

1,636 

9 

— 

- 

8 

"■i 

14 

0 

8 

2 

,13 

14 

8 

1 
1 

1 

13 

6 

7 

14 

1 

13 

11 

7 

11 

153 

10 

21 

16 

nlf  7  -  7  IIm.  ;  aiKl  pulped  swedes,  50*4  lbs.,  per  head  per  day. 


Ta«lm  XT. 

(     78    ) 
— ExmcKKra  t 

Mde  wTth  COWS,  ml  Niwum 
6*h  Weefc.^Iiauina 

—  =-    *-    '"  <x 

^^1         "-»"■        5       T.™*". 

(irsij  ^  1  ,^   ^  1 « 

I^  L-^MMl  VomL— Uiulicd  BuS^ ' 

iMd*f 

Sgl. 

Cnia»Ib«. 

Oa>T«takln. 
Oa.ATnU»   . 

awUns 

■        Ob.        M 

4^      AlrtI       »» 

I  Arrti    11 
r     .Afcffl     u 

II  lAfril       • 

,    ;j».    » 
t      oa.      » 

I.IM         11      ■ 

i.m      1*    I 

»t        U     l« 
I.Mi        IS     U 
MM        II      ■ 

T      I 

14     .     •    • 
It     (    U    1 

A<vNr> 

11.M   ,tu    a 

n    « 

1 

iju   J|m  u 

s  ir 

U     ■     (    1 

Lot  i-SpecW  Fooi-KUt  ud  JI«lt** 

1       * 

CMToikdilre. 

ShDrUioni      .     . 

CnaWdcb.     . 

CrwSlBrlbMll. 

le 

Oct.         M 
April      » 
Jbh       19 
Oct.        » 
Jmx       IS 

Atm    >• 

Avtll      l> 

I.DS4 
1,SS» 

HI 

MM 
l.OH 

U      0 
U      1 

la   IB 

H       4 

ItK-llB. 

11.™ 

lat    a 

t3     U 

,.   .|»  . 

I.IM 

>. .. 

11   1 1  <  > 

{    79    ) 


[,  BiTCDBT.      I>KrAiLXD  BxoOBD  of  the  Milk  tieldbd,  &c. 
loary  31,  1864. 


lODAT. 

Xhusbdat. 

VaSDAY, 

Satubdat. 

SUKDAT. 

ToUl 

in 
Seven 
Days. 

Per  Hetd 

FJC 

^ 

PJf. 

▲Jf. 

PJC. 

A.V. 

TM. 

AJC. 

P.lf. 

per  Day. 

.) ;  3  11»-  per  head  per  day .♦ 


nm.€ 

— . 

Iba. 

o«. 

lbs. 

on. 

lbs. 

OSS. 

lbs. 

0Z8. 

Ibfl. 

ozs. 

lbs. 

ozs. 

lbs. 

ozs. 

lbs. 

OZS. 

lbs.  OZS. 

lbs.  OZS. 

s 

lO 

lO 

O 

8 

15 

11 

0 

8 

1 

10 

0 

7 

12 

9 

11 

6 

10 

128 

9 

18      6 

n 

lO 

It 

3 

13 

4 

17 

13 

13 

13 

18 

6 

12 

8 

1 

18 

0 

0 

212 

13 

30      6 

9 

o 

16 

11 

8 

12 

16 

7 

10 

1 

16 

6 

8 

12 

16 

4 

11 

178 

25      7 

1 

f 

• 

14 

O 

8 

4 

12 

13 

9 

7 

13 

7 

8 

13 

13 

0 

tf 

3 

163 

14 

22      0 

f 

6 

14 

6 

12 

14 

2 

0 

1 

13 

6 

5 

14 

12 

2 

166 

23     12 

t     1 

3 

16 

6 

4 

11 

8 

8 

0 

12 

11 

4 

12 

0 

2 

140 

20       1 

1 

10 

13 

8 

10 

12 

0 

7 

12 

12 

5 

2 

11 

10 

12 

140 

20      0 

1 

8 

0 

14 

16 

12 

14 

12 

8 

6 

15 

11 

0 

14 

2 

11 

166 

22      6 

8 

0 

12 

6 

3 

11 

12 

6 

8 

12 

1 

10 

12 

8 

9 

127 

14 

18      4 

13 

4 

21 
149 

O 

6 

11 

2 

21 

2 

12 

0 

20 

0 

10 

8 

19 

4 

14 

226 

12 

32      6 

tt 

0 

8t 

14 

143 

6 

93 

1 

144 

6 

84 

10 

141 

3 

71 

10 

1,631 

8 

— 

f 

3 

14 

16 

8 

13 

14 

5 

9 

6 

14 

7 

8 

7 

14 

2 

3 

163 

2 

23      6 

tSIbt.  Barley  ( 

Vo. 

.  l.> 

per  head  p( 

srday.* 

Ite. 

0«L 

ltlB.4 

11IB.0UL 

lbs. 

OSS. 

lbs. 

ozs. 

lbs. 

ozs. 

lbs. 

OZS. 

lbs. 

OZS. 

Ibe. 

OZS. 

lbs.  OZS. 

lbs.  OZS. 

6 

2 

9 

14 

6 

3 

10 

2 

5 

14 

10 

2 

6 

10 

9 

12 

6 

2 

109 

14 

15    11 

f 

10 

16 

9 

10 

2 

17 

0 

9 

12 

18 

0 

9 

6 

16 

10 

8 

4 

187 

1 

26    12 

1 .  1 

.10 

2 

O 

1 

1 

8 

1 

6 

5 

1 

0 

1 

2 

0 

10 

21 

8 

3      I 

7 

6 

12 

6 

7 

13 

0 

7 

3 

12 

6 

8 

11 

12 

4 

7 

4 

142 

14 

20      7 

8 

0 

13 

11 

8 

14 

0 

8 

12 

14 

1 

7 

0 

13 

14 

7 

0 

161 

8 

21     10 

8 

10 

16 

4 

7 

13 

14 

10 

8 

6 

16 

2 

8 

3 

14 

0 

8 

0 

161 

8 

23      1 

10 

2 

17 

6 

9 

18 

0 

9 

10 

17 

10 

8 

10 

16 

2 

9 

0 

183 

8 

26      3 

t 

4 

13 

O 

6 

12 

6 

8 

4 

12 

10 

9 

0 

14 

0 

7 

D 

141 

3 

20      3 

u 

0 

18 

3 

10 

13 

17 

12 

11 

6 

18 

12 

10 

10 

19 

2 

10 

6 

203 

8 

29      1 

10 

7 

21 

139 

14 

9 

Ifl 

O 

10 

19 

0 

9 

6 

17 

9 

10 

5 

18 

2 

9 

6 

201 

i 

28     12 

77 

11 

137 

16 

79 

15 

137 

9 

78 

7 

136 

0 

72 

0 

1.603 

9 

n 

3 

— 

7 

12 

13 

13 

8 

0 

13 

12 

7 

13 

13 

8 

7 

3 

160 

6 

1 

1ft 

21      8 

1 

7-7  !!». 


pulped  swedes,  60*4  lbs.,  per  bead  per  day. 


(    80    ) 

Table  XVI.— ExpratnfSNTS  made  with  COWS,  at  NkwlajTO; 

7th  Week.— Febniaiyi; 


OOWB. 


Breed. 


TCATB 

old. 


Lot  1.— Special  Food.— Unmahed  Bui? 


YWd  of 


!    No*. 

1 

i       lbs. 

;  11)0. 

oas. 

Rml 

oaa. 

1 

n»^ 

(A. 

urn 

1 

Croes  Shorthorn  . 

' 

May 

ao 

1,134 

11 

0 

7 

1       10 

t  IT 

:   2 

'  Cros  Shorthorn  . 

6 

Oct 

26 

1,112 

18 

0 

12 

8       18 

0    u  » 

1         3 

Cross  ShorthcHu  . 

Aged. 

A|>ril 

26 

1,127 

'i< 

4 

8 

IS      17 

0     9    1 

! 

4 

,  Cross  Shorthorn  . 

7 

April 

21 

1,125 

13 

10 

8 

12      14 

l'    8    1 

1 

5 

CrosB  Shorthorn  . 

8 

SepL 

26 

994 

13 

12 

9 

4      13 

0     !•    I 

6 

Cross  Yorkshire  . 

» 

April 

14 

1,242 

13 

0 

t 

7       11 

1    » 

1 

Cross  Yorkshire  . 

10 

April 

9 

1,284 

12 

6 

7 

6    1  13 

1 

8 

Cross  Ayrshire    . 

5 

Jane 

15 

954 

16 

2 

7 

4      15 

9 

Shorthorn      .     . 

* 

Jane 

15 

1,198 

10 

7 

6 

13      12 

'       10 

shorthorn      .     . 

' 

Oct        29 
Totals     . 
Ayerages 

1,312 

17 

4 

9 

10  1    20 

11  a 
N  a 

•  1 

1 

11,482 

!l40 

1 

6 

84 

14    144 

1 

1,148     ! 

14 

0 

8 

•i 

14 

Lot  2.— Special  Food.— Malt  and  UMd 


Nos. 

IbSL 

Ite. 

OB. 

lbs. 

OS. 

lU 

0* 

um 

1 

Croas  Yorkshire  . 

8 

March    10 

1,216 

10 

2 

5 

12 

10 

1 

0 

6  n 

2 

Cross  Shorthorn  . 

7 

Oct        27 

1,024 

18 

6 

9 

10 

18 

u    t  • 

1 

3 

Shorthorn      .     . 

8 

April      29 

1,336 

1 

8 

0 

11 

1 

1 

< 

0  a 

4 

Cross  Shorthorn  . 

7 

Jane      19 

1,047 

10 

10 

1 

13 

1 
12 

5 

t  w 

Yield  of       S 
Milk.  Ac 

6 

Cross  Shorthorn  . 

6 

Oct        39 

942 

14 

10 

8 

10 

14 

9 

1  1 

6 

Gross  Welch  .     . 

8 

Jane      18 

1,400 

15 

T 

8 

14 

10 

f  • 

7 

Cross  Shorthorn  . 

7 

Jane      24 

1.076 

17 

10 

9 

17 

6   li  «• 

1         8 

Cross  Yorkshire  . 

10 

April      26 

1,132 

14 

4 

t 

12 

IS 

14 

t  0! 

9 

Cross  Shorthorn  . 

1 

6 

AprU      19 

1,098 

18 

4 

11 

18 

1 

11    1 

\ 

10 

Shorthorn 

» 

Nov.       20 
Totals     . 

1,237 

18 

0 

11 

13 

19 

11 

11    • 

11,508 

138 

13 

80 

80 1«; 

1,151 

13 

14 

8 

IS 

U 

8    1 

•  Also  an  allowance,  which  aTeraged-rape-cake,  2  lbs. ;  bewi-mMl,  3  lbs. ;  dovcr^lMft  1*  ^a^ 


(    81     ) 


I,  RuoBT.      IDbtailed  fisooRD  of  the  Milk  yielded,  &c, 
bruary  7,  1864. 


lODAT. 


rjf- 


THUmCDAT. 


T.M. 


Fbidat. 


AM. 


P.M. 


Saturdat. 


A.H. 


P.M. 


SUNDAT. 


P.M. 


TotAl 

in 
Seven 
Days. 


PerHeMl 
per  Day. 


L);  3  Iba.  per  bead  per  day* 


L 

Ita. 

^ 

;  IbtfwOXB. 

llM. 

OZ8. 

Ibe. 

0Z8. 

lbs. 

ozs. 

ItM. 

OZ8. 

Ibe. 

0Z&  1 

Ibe. 

0Z8. 

Ibe.oza. 

Ib&  oze. 

Ibe.  oze. 

1'  ) 

3 

lO 

O 

7 

0 

9 

14 

8 

4  , 

11 

3 

7 

4 

12 

1 

6   9 

126 

5 

18   1 

1  14 

8 

17 

lO 

13 

7 

18 

1 

14 

2 

17 

6 

14 

14 

19 

4 

10   7 

218 

11 

31   4 

t   • 

3 

16 

2 

8 

13 

16 

12 

10 

0 

,.. 

5 

9 

1 

17 

12 

7  13 

179 

9 

25  10 

)   9 

11  j  12 

13 

9 

3 

13 

10 

9 

1 

13 

10 

8 

13 

14 

4 

6  12 

153 

12 

21  15 

)  10 

1 

:  14 

6 

lO 

3 

15 

11 

9 

14 

15 

6 

9 

4 
1 

17 

0 

8   6 

169 

4 

24   3 

S  7 

3    13 

4 

7 

2 

13 

14 

7 

12 

12 

12 

7 

6 

13 

12 

6   0 

139 

13 

20   0 

4  7 

1 
4  1 

la 

lO 

7 

7 

13 

1 

8 

5 

13 

6 

8 

0 

13 

a 

7   2 

145 

4 

20  12 

Q  8 

12 

15 

8 

8 

4 

16 

0 

7 

12 

15 

10 

8 

14 

17 

0 

8   2 

166 

12 

23  13 

t  6 

7 

1 
11 

15 

6 

2 

11 

6 

7 

0 

11 

12 

6 

3 

12 

4 

5  10 

126 

15 

18   2 

4 
4 
3 

1 
11 

5 

21 

12 

11 

3 

22 

0 

10 

12 

20 

10 

10 

13 

21 

1 

12 

7  15 

218 

1 

31   2 

92 

15 
1 

1 

1 

■  14 

O 

9 

88 

11 

150 

5 

92 

14  . 

148 

0 

90 

8 

1 
158 

1 

1 

74  12 

1,644 

6 

— 

i 
1  t 

1 
5 

8 

14 

15 

0 

9 

5 

14 

13 

9 

1 

15 

13 

7   8 

164 

7 

23   8 

3  lbs.  Barley  C^o.  1.).  V^  ^ead  per  day.* 


Ibe.  ore. 

Ibe. 

Oie. 

lbs. 

1 
oza. : 

Ibd. 

OZS. 

lbs. 

ozs. 

Ibf. 

czs. 

lbs. 

OXS. 

lbs.  oze. 

Ibe.  oze. 

6 

12' 

9 

12 

5 

14 

•■   10 

4 

5 

8 

10 

4 

4 

6 

108 

8 

\fi      8 

10 

10 

17 

0 

9 

8 

16 

12 

9 

0 

'  16 

14 

8 

4 

187 

0 

2f  11 

3 

1 

0 

0 

7 

1  I 

j 

0 

0 

7 

1 

1 

2 

1 

0 

13 

10 

l\  15 

8 

13 

8 

7 

7 

12 

4 

7 

6 

14 

12 

7 

0 

140 

5 

20  \1 

1 

8 

13 

2 

8 

ll 

12 

0 

6 

1 
15 

14 

0 

6 

11 

150 

0 

..  ^ 

10 

2 

12 

12 

8 

2 

15 

0 

7 

6 

16 

0 

7 

1 

161 

1 

23   (fi 

6 

17 

3 

9 

15 

17 

6 

9 

10 

17 

4 

8 

10 

186 

13 

26  11  ^ 

3 

13 

« 

8 

6 

1 
11 

1 

12 

7 

12 

1 

12 

13 

7 

0 

147 

13 

21   2 

11 

1 

2 

19 

3 

10 

11 

19 

9 

10 

9 

18 

3 

9 

10 

207 

7 

29   3 

11 

12 

20 

1 

10 

11 

19 

0 

10 

5 

1 

1 
■   17 

5 

9 

6 

210 

1 

30   0 

79 

5 

136 

15 

79 

2 

134 

15 

74 

14 

1 

138 

9 

69 

0 

1.509 

10 

— 

15 

13 

11 

7 

15 

13 

8 

7 

8 

13 

1 

14 

6 

14 

150 

15 

21   9 

7-7  lb».  ;  •"**  palpcd  swedes,  60 '4  lbs.,  per  bead  per  day 


a 


iTz: 


cows.  MX  XivLisn 
*&  W«i, — FebniaiT  8 


-wrt 


II 


if  ait 


TnsPAT. 


rx  ' 


1^  1— fcr-sil  F-Doi— Uraalt^ti  Barky 


J".^ 

3^ 

Sft. 

WL 

2^ 

»*= 

2a. 

•va. 

Ihkoa 

' 

>-.«  isZiT— Ji  ri 

• 

Xi?^ 

a 

-     ~-» 

— 

« 

< 

■ 

11 

V 

7     i 

• 

jmm  Sii-f-Ui  ci  . 

< 

re* 

Ji 

-    --  ■ 

17 

* 

14 

3 

17 

13   : 

i 

■ 

1 

>v»  nwr-aiirT  . 

^•P^ 

Ajri 

ai 

i-irr 

'^ 

2 

i 

•  • 

IS 

14 

•    4 

« 

'jTjm  •iu.raitn  . 

T 

X^r± 

n 

l-IS 

:4 

4 

• 

12 

IS 

7   14 

i 
4 

Jr•^m  rtuiraiin  . 
•Irv*  T.nauir*  . 

:« 

«4 

i,acs 

IS 

u 

1 

* 

19 

• 

• 
2 

14 
12 

12 

9    i 
7    C 

tf 

'jrum  Txom  - 

:• 

ijri 

i 

:.2i«4 

22 

• 

« 

• 

13 

7   H 

» 

*Z^^j^  JlTT»Bir»    . 

s 

Js» 

n 

su 

IT 

• 

« 

1* 

U 

IV 

«    • 

> 

T£i'jra»'.n      .     - 

4 

jT=if 

LS 

:,:>f 

•  » 

• 

C 

* 
• 

12 

ff  u 

:* 

^.r-jr.r»       .     . 

.%T«n| 

1.312 

3» 

U 

12 

• 

24 

u  » 

11  4?9 

lU 

12 

«• 

i 

14* 

* 
4 

sj   IS 

l.U« 

14 

11 

» 

li 

14 

H 

8  14 

Lot  2.-«fcdml  Food.-lUlt  and  3faIUiik 


1 
3 
3 

4 
§ 
« 
7 

10 


CroM  Y'.rlukL'« 
CroM  SbcniMTn 

SiMtlkMll 

Crcm  Shorthorn 
CnmShortbom 
Craw  Welch  . 
CniM  Shorthorn 
CroM  Yorluhlre 
CroM  Sbortbom 
Shorthorn 


*  Alao  an  allowanop,  which  aTeraged— nipe^ake,  2  Iba. ;  bean-meal,  8  Iba. ;  tIkanr-dmM,  U  ^\ 


(    83    ) 


BX,  BuoBT.      DsTAHiBD  BiooRD  of  the  Milk  tisldbd,  <&c. 
Pebnutry  14,  1864. 


Toua 

in 
Seven 
I>ays. 


Per  Head 
per  Day. 


lo.  1.)  ;  3  lbs.  per  head  per  day* 


iLflU.  tt».oxaw 

lbs. 

oxa. 

Ibai 

oxa. 

Iba. 

Ota. 

lbs. 

OtSL 

lbs. 

0Z8. 

Iha. 

OZB. 

i   If       7 

11 

10 

0 

8 

4 

11 

0 

8 

13 

11 

9 

7 

12 

HSU 

1 

4 

I 

17 

15 

13 

2 

17 

2 

14 

4 

17 

5 

14 

2 

M    • 

10 

a 

IS 

6 

9 

4 

16 

3 

9 

12 

1'' 

4 

9 

5 

P    * 

8 

13 

13 

3 

9 

6 

12 

10 

8 

7 

1 
1  12 

8 

9 

8 

>    • 

9 

5  . 

16 

0 

10 

2 

15 

10 

9 

10 

:  15 

2 

10 

4 

^    7'    7 

1 
5 

11 

14 

7 

11 

11 

3 

7 

0 

12 

5 

7 

1 
6 

bi     •       7 

0 

13 

5 

8 

0 

12 

10 

8 

2 

12 

15 

8 

0 

Bl     •      7 

3 

15 

0 

8 

11 

14 

5 

8 

2 

1'^ 

7 

8 

4 

p     • 

« 

0 

11 

8 

6 

7 

11 

0 

5 

14 

1  12 

8 

6 

10 

li    7 

m  9 

11 

4 

19 

13 

13 

4 

20 

0 

11 

3 

:  20 

1 

T 

11 

7 

1 

1 

;  68 

1 

14 

141 

15 

93 

' 

142 

0 

91 

3 

1 

145 

i 

6 

92 

9 

8 

14 

14 

3 

9 

6 

14 

3 

9 

2 

1 

14 

1 

9 

9 

4 

[bn.  oza. 
12      0 

19  0 

16  12 

14  1 

16  0 


14 
15 
16 
II 


4  ; 

0  i 

2 
2 


20       8 


lb&  0Z8. 

6  0 

11  15 

8  8 

8  2 

8  12 
6  12 

6  12 

7  10 
5  5 

9  4 


154     13      79 


Ibe.  oza. 

129  7 

219  5 

176  8 

153  12 

175  6 

138  2 

143  8 

166  0 


125 
221 


2 

0 


Iba.  oza. 

18  8 

31  5 

25  3 

21  15 

25  1 

19  12 

20  8 
23  11 
17  14 
31  9 


1,648       2  — 


15 


7     14 


164     17 


23 


3  n».  Barley  (No.  l.)i  P^r  head  per  day.* 


^P«l  lbi.oa. 

lbs.  oxa. 

Ibfl. 

on. 

Iba. 

oza. 

lbs. 

oza. 

1 
Ibfl.  ozs. 

1 
Iba. 

oza. 

lbs. 

OZft. 

llw. 

oza. 

Iba.  oza. 

lb«i.  oza. 

V    •      6    14 

9       8 

6 

10 

9 

11 

6 

0 

9      4 

5 

11 

10 

6 

6 

11 

110 

1 

15     12 

B>  •  10   0 , 

17        « 

9 

6 

1  17 

10 

10 

8  , 

17       1 

10 

8 

17 

6 

8 

2 

191 

7 

27       6 

V  U      9     12    j      0      13 

0 

10 

1 

0 

13 

0 

10  ' 

0     10 

0 

8 

0 

- 

- 

9 

9 

1       6 

P  •      •       2 

1 

13        0 

6 

12 

11 

9 

10 

1 

12      7 

8 

8 

12 

9 

10 

143 

6 

20      8 

P   1      7       0 

12      18 

7 

2 

13 

7 

7  ', 

1 

12     12 

8 

5 

!'« 

6 

0 

141 

1 

20      3 

F    4      8       3 

13      12 

7 

12 

14 

8 

«i 

14      4 

8 

6 : 

1 

14 

7 

10 

158 

13 

23     11 

"493 

15      14 

9 

8 

16 

16 

10 

3 

17       2 

9 

5  i 

i  16 

1 

14 

8 

12 

179 

14 

26     11 

»    2      S     11 

11       10 

8 

3 

13 

8 

4 

13       4 

8 

4 

12 

0 

8 

2 

143 

5 

30       8 

It     10     13 

IS        e 

10 

8 

18 

12 

10 

14 

19       0 

11 

12 

20 

12 

10 

8 

205 

15 

29       7 

•       9       0 

IS       0 

11 

8 

18 

0 

11 

10 

18       8 

10 

4 

19 

6 

8 

14 

201 

16 

28     14 

'isi       0 



76 

14 

t 

3 

83 

2 

134       4  , 

81 

7  ! 

1 

r 

15 

73 

5 

1,485 

6 

1     77       • 

— 

7 

11 

13 

4 

8 

5  ' 

1 

13      7 

8 

2 

13 

13 

7 

6 

148 

9 

8       7     13 

. 

13          2 

21       3 

_^-.  «.^  .Ym.  9  r**"  palped  iwedea,  60*4  lbs.,  per  head  per  day. 


G  2 


(    84    ) 

Tablk  XVnL— Expkrimentb  made  with  COWS,  at  Newu 

9tb  Wttk.— Fibniai 


Breed. 


Ywire 
uU. 


Dates 

or 

Gslving. 


Weights 

of  tbe 

AniiDAls 

(Feb.  15.) 


TrEa 


>      AJf. 


Lot  1. — Special  Food.— Unmalted  E 


Noa. 

lbs. 

'lb. 

ozs. 

lbs. 

OKS. 

lb& 

OB.    1 

/ 

f  1 

1    > 

CrooB  Sbortliorn  . 

7 

May        30 

1.116 

12 

0 

8 

6 

11 

4 

;  ' 

,  Cross  Shortburn  . 

6 

Oct         26 

1,095 

18 

0 

14 

0 

!  IT 

6     1 

3 

1  Cro»  Shorthorn  . 

Aged 

AprU      26 

1,132 

1  16 

10 

9 

2  ^ 

16 

10 

1 

Cross  Shorthorn  . 

7 

April      21 

1,144 

14 

0 

9 

3 

12 

5 

1        . 
Yield  of          >'  1        * 

Cross  Slioribom  . 

8 

Sept.       26 

1,016 

i  ^* 

11 

10 

10 

15 

0    ; 

Millc,  &c,  N 

6 

Cross  Yorkshire  . 

' 

April      14 

1,280 

12 

0 

7 

6 

12 

13 

7 

Cross  Yorkshire  .  ' 

1 

10 

April        9 

1,300 

13 

8 

7 

0 

;  12 

0 

8 

Cross  Ayrshire    . 

5 

Jane       IS 

964 

!  i« 

2 

8 

8 

1 

15 

6 

9 

Shorthorn      .     .  ' 

I 

4 

June       15 

1,239 

,  11 

12 

5 

10 

11 

0 

10 

Shorthorn       .     . 

1 

i 

1 
1 

7 

Oct         29 

1,306 

21 

0 

10 

11 

20 

i 

0 

< 

Totals     . 

11,592 

149 

11 

90 

8 

143 

11 

Averages 

1.159 

1  15 

0 

9 

1 

14 

6 

Lot  2.-~Special  Food.— Halt  aad  Mall 


Not. 

lbs. 

lbs. 

OSES. 

lbs. 

OSS. 

lbs. 

OSS. 

1 

1 

Cross  Yurktihire  . 

8 

March    10 

1,288 

9 

2 

6 

7 

9 

0 

2 

Cross  Shorthorn  . 

7 

Oct        27 

1,626 

18 

0 

10 

3 

17 

2    1 

3 

Shorthorn      .     . 

8 

April      29 

1,392 

- 

1 

0 

- 

!  * 

Cross  Shorthorn  . 

7 

1 
June       19 

1,047 

U 

2 

1 

8 

0 

11 

0' 

Yield  of            '        6 

Milk.  kc.  ^\              ' 

1    •  1 

Cross  Shorthorn  . 
Cross  Welch  .     . 

6 

8 

Oct         29 
Jnne       18 

934 
1,392 

1^^ 
1  16 

1 
11   1 

8| 

8 
8 

15 

19 
13 

1 

6 

7       i' 

Crow  Shorthorn  . 

7 

June      24 

1,076 

18 

8 

6 

16 

4     1 

8       ' 

Cross  Yorktihirc  . 

10 

April      26 

1,144 

13 

11 

6 

8 

11 

1 
11 

9 

Cross  Sliorthom  . 

6 

AprU      19 

1,106 

19 

11 

1 

10 

14 

18 

1 

S     1 

\_ 

10 

1 

1 

1 
1 

Shorthorn      .     . 

9 

Nov.       20 

1,194 

20 

1 
*  1 

10 

1 
6 

19 

8 

1 
« 

Totals     . 
Averages 

11,697     , 

143 

1 

1 

78 

13 

128 

8 

1,160 

14 

7 

14 

12 

14 

•  Also  on  allowance,  which  averaged— rapo^aike,  2  lbs. ;  bean-me«l,  3  Hm^;  clov«r<liafi;  M 


(     «5     ) 

:,  Rugby.     Drtailsd  Eegord  of  the  Milk  tieldep,  &c, 
muLTy  21,  1864. 


nSDAT. 


pjf. 


Thubsdat. 


AJC. 


PJf. 


Satdbday. 


A.M. 


PJ«. 


Sunday. 


A.M. 


P.M. 


Per  Head 
per  Day. 


1.) ;  3  Ibd,  per  head  per  day.* 


S.  1  U».  OES. 

lbs. 

OZ8. 

Ibo. 

0X8. 

lbs. 

0Z8. 

lbs. 

ozs. 

lb». 

aza. 

lb0. 

oza. 

lbs.  OZ8. 

lbs. 

ozs. 

lbs.  0Z8. 

lbs. 

0»>. 

4l  8 

10 

11 

0 

8 

8 

11 

2 

7 

10 

!  11 

4 

8 

4 

10  12 

8 

11 

136 

8 

19 

8 

4   12 

13 

17 

14 

13 

0 

17 

10 

12 

10 

16 

3 

14 

8 

16   0 

11 

6 

212 

13 

30 

6 

8    9 

3 

15 

15 

0 

1 

16 

4 

9 

10 

16 

0 

» 

0 

15   2 

9 

10 

175 

10 

25 

1 

It   10 

2 

13 

2 

9 

12 

12 

1 

9 

12 

12 

2 

7 

14 

1  13   8 

7 

13 

152 

4 

21 

12 

3   9 

1 

15 

10 

10 

1 

14 

1 

11 

10 

11 

13 

11 

10 

6 

15  .  0 

9 

13 

175 

9 

25 

1 

6 

7 

9 

12 

8 

8 

0 

1 

12 

1 

6 

8 

3 

12 

1 

8 

1 

11   8 

7 

6 

139 

14 

20 

0 

0 

7 

4  i 

13 

4 

8 

8 

1  11 

12 

7 

12 

12 

0 

7 

13 

12   8 

6 

6 

138 

5 

19 

12 

3  '  8 

11 

16 

7 

9 

6 

!  15 

10 

9 

5 

;  16 

1 

8 

9 

7 

15  10 

8 

12 

173 

11 

24 

13 

14 

6 

6 

11 

3 

6 

6 

10 

8 

6 

S 

:  10 

9 

5 

11 

11   4 

6 

11 

119 

8 

17 

1 

4 

11 

0 

20 

0 

11 

14 

19 

14 

11 

6 

19 

10 

11 

2 

20  10 

9 

8 

217 

11 

31 

2 

1 
4  90 

10 

145 

14 

94 

8 

140 

1 

14 

93 

6 

139 

0 

92 

2 

141  14 

1 

84 

15 

1,641 

13 

- 

7 

9 

1 

14 

9 

9 

7 

1 
1  ^^ 

2 

9 

6l 

1 

1 
1  13 

1 

14 

9 

3 

'  14   3 

8 

8 

164 

3 

23 

7 

A  3  Dm.  Bariey  (No.  1.),  per  head  per  day  * 


<m 

1 
1lM.on. 

Ibo. 

oza. 

Ibe. 

1 

t 

OZ8.I 

lbs. 

0Z8. 

iiu. 

oza. 

lbs. 

OZ&. 

lb». 

ozs. 

lbs 

ozs. 

llw. 

OZ8. 

Ibrt.  OZS. 

lbs.  oza. 

3 

ft   7 

8 

13 

5 

8 

8 

5 

5 

7 

7 

11 

5 

14 

8 

7 

5 

5 

101 

4 

14   7 

4 

10   0 

17 

6 

9 

13 

16 

12 

10 

1 
6 

16 

10 

10 

4 

17 

8 

8 

14 

190 

6 

27   3 

-     0   8'- 

- 

0 

6 

- 

- 

0 

1 
4  ' 

1 

1 

- 

0 

5 

1 

i   "" 

- 

0 

3 

3 

4 

0   7 

t  '  8  10   13 

0 

8 

8 

13 

1 

7 

>•; 

11 

6 

9 

0 

•  11 

8 

9 

9 

146 

6 

20  15 

IJ  i  9   6  ji  12 

8 

8 

6 

12 

1 

0  ! 

1 

8 

15 

11 

6 

6 

13 

10 

12 

7 

0 

141 

9 

20   4 

<    7   14  ';  15 

3 

9 

10 

14 

10 

9 

10 

1 

i  14 

1 

4 

7 

14 

15 

12 

8 

8 

165 

7 

23  10 

14   9   4  ;  16 

8 

9 

10 

16 

4 

9 

8 

15 

13 

9 

10 

17 

1 

6 

9 

3 

181 

14 

26   0 

11  1  8   0  1  12 

14 

7 

10  [ 

12 

2 

7 

3 

12 

1 

0 

7 

14 

11 

14 

6 

6 

139 

7 

19  15 

8  1  11   3  ,;  19 

8 

11 

0 

17 

12 

10 

14 

'  17 

1 

12 

11 

0 

'  16 

14 

10 

0 

206 

11 

29   8 

13  10   6 

17 

10 

10 

6 

16 

11 

1 

10 

14 

'i« 

7 

9 

12 

18 

7 

9 

3 

203 

4 

29   1 

<  ;  79  10  J 

133 

4 

80 

13 

127 

1 

9 

80 

11 

125 

r 

6 

78 

6  128 

8 

74 

3 

1,479 

8 

— 

» /  7     i«  //  ^3 

6 

8 

1 

12 

12 

8 

1 

12 

9 

7 

13 

12 

14 

7 

7 

147 

15 

21   2 

dMjr  7 '  7  tba-i  •"^  ptilpcd  swedes,  50*4  Iba.,  per  head  per  day. 


«  ) 


Ti«L«  XIX.— Eimi 


^t  wHk  COWS,  It  Nnuin 
lOUi  Week,— Febraura 


IM  I.— eptcM  Food.— rnniBlted  Bdv 


Oel 

M 

1        Cr—aunlnni 

*»* 

April 

Afni 

m 

SfJK. 

*• 

1        Cnu  Tokibln 

A|.a 

» 

3        Cf««r«lal.i7. 

10 

Arrii 

> 

t        CrboAjrihln 

Jo» 

It 

*        SborlbMB 

Jon. 

I* 

0        SborU»ni 

Or!. 

» 

U.^1     [W 


I>it  2.~Speaal  Food-Halt  and  VMM 


CrUH  YorkiUn 
Ciw  SfaDnborn 

CrOH  Sfaarlbani 
OwSlwrtfaorn 
era  Wflcb  . 
CnaSbanhorn 


April      M  I 
April      11 
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'abm,  fiuoBT.     Dktailkd  Begokd  of  the  Milk  tielded,  &c. 
.  February  28,  1864. 


WonrBEDAT. 

THUB8DAT. 

FaiDAT. 

Satubsay. 

SU.NDAT. 

Total 

in 
Seven 
Days. 

Per  Head 

JlJI.               PJf. 

AM, 

P.K. 

A.M. 

r.M. 

A.M. 

F.M. 

A.M. 

PM. 

per  Day. 

No.  1.)  ;  3  lbs.  per  bead  per  day.* 


bB.o 

BU 

IlM. 

OXB. 

lbs. 

oza. 

llM. 

on. 

Ibd. 

OZii. 

1 
lbs. 

ozs. 

lbs. 

OZ.H. 

lbs. 

OZfl. 

lbs. 

OZS. 

lbs. 

OZS. 

Ibd.  OZS. 

lbs.  OZS. 

Li 

7 

4 

11 

12 

7 

10 

11 

0 

7 

12 

11 

2 

8 

2 

11 

8 

7 

10 

132 

6 

18     14 

17 

13 

14 

17 

2 

15 

5 

18 

1 

12 

0 

17 

10 

12 

10 

18 

4 

11 

9 

217 

3 

31       0 

1« 

9 

6 

16 

4 

0 

0 

14 

12 

8 

7 

16 

11 

9 

2 

17 

0 

8 

9 

175 

14 

25      2 

13 

8 

7 

13 

'  0 

8 

9 

12 

3 

8 

2 

13 

13 

8 

8 

13 

4 

8 

2 

149 

1 

21      5 

IS 

9 

13 

15 

6 

9 

10 

15 

5 

9 

2 

15 

12 

11 

0 

15 

12 

10 

2 

174 

2 

24     14 

12 

13 

7 

13 

12 

6 

7 

6 

11 

12 

7 

14 

12 

2 

7 

4  1 

13 

3 

7 

0 

139 

11 

19     15 

11 

7 

1 

6 

11 

10 

7 

9 

12 

1 

6 

14 

12 

6 

7 

2 

13 

0 

5 

2 

136 

7 

19      8 

IS 

1 

9 

a 

16 

0 

9 

2 

16 

3 

9 

0 

15 

12 

7 

13 

14 

4 

7 

9 

170 

8 

24      6 

u 

!  ' 

12 

10 

14 

6 

10 

10 

6 

5 

3 

10 

12 

5 

14 

11 

6 

5 

3 

117 

6 

16     12 

3i 

11 

8 

i" 

8 

11 

7 

20 

0 

11 

0 

1 

20 

3 

10 

12 

19 

12 

10 

12 

217 

11 

31       2 

144 

* 

90 

6 

144 

1 

0 

92 

4 

Ml 

11 

85 

6 

146 

3 

88 

3 

r 

147 

5 

81 

10 

1,630 

4 

— 

14 

9 

1 

1 

1 
i  " 

f 

6 

9 

3 

14 

3 

8 

9 

" 

10 

8 

13 

1 

14 

12 

8 

3 

163 

0 

23       6 

3  lbs  Barley  (No.  1.),  per  head  per  day.* 


nnos^ 

U«L 

OOw 

lbs. 

OZS. 

lbs. 

OZS.  ' 

lbs. 

OZS. 

lbs. 

OZS. 

ib^ 

OZS. 

lbs. 

OZS. 

lbs. 

OZS. 

lbs. 

OZS. 

lbs.  OZS. 

lbs.  OZS. 

•      4 

4 

12 

8 

4 

4 

11 

7 

6 

4 

10 

8 

4 

5 

6 

8 

6 

4 

0 

89 

14 

12    13 

If      0 

9 

6 

16 

10 

9 

12 

16 

0 

9 

0 

17 

0 

10 

11 

17 

4 

10 

6 

186 

1 

26      9 

U      0 

6 

14 

12 

1 

8 

1 
2 

11 

4 

7 

13 

11 

4 

7 

8 

13 

0 

7 

0 

135 

9 

19      6 

11    13 

1 

11 

13 

6 

8 

0 

11 

0 

7 

1 

11 

6 

7 

2 

13 

8 

6 

11 

132 

5 

18    14 

14      4 

S 

0 

14 

2 

8 

10 

14 

2 

7 

3 

14 

8 

8 

12 

15 

4 

7 

0 

154 

10 

22      1 

1 
l<    13  . 

9 

2 

16 

11 

10 

3 

16 

3 

8 

8 

17 

6 

9 

12 

18 

0 

8 

0 

183 

14 

26      4 

a    Oi 

0 

13 

13 

8 

8 

0 

11 

4 

6 

4 

12 

2 

7 

11 

.  13 

4 

6 

8 

134 

13 

19      4 

i     13 

• 

11 

17 

3 

10 

13 

16 

12 

10 

2 

17 

8 

11 

6 

18 

10 

10 

14 

190 

6 

27       3 

10      J 

LO 
2 

T 

I 

2 

~1 

18 

6 

10 

13 

18 

3 

9 

10 

17 

1 

6 

10 

9 

17 

1 

9 

7 

195 

0 

27     14 

,|7 

129 

2 
13 

79 

"i 

122 

1 

70 

3 

1 
126 

12 

78 

13 

134 

1 

6 

69 

14 

1,402 

8 

— 

f 

4  '     13 

7 

14 

12 

3 

7 

0 

1 

1   12 

11 

7 

14 

13 

7 

7 

0 

140 

4 

i 

10 

20      1 

" 

"^^^^ 

_  7-7  lb«.  i  •"***  pulped  swedes,  60*4  lbs.,  per  head  per  dny. 
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Table  XX. — Experiments  made  with  OOWS,  at  Newlands  Farm, 

Rugby. 

Per-centage  of  Cream  as  shown  by  the  Lactometer,  in  the  mixed  Milk  of  the 

10  Cows  in  each  Case. 


DateK. 


1863 :  Dec  20. 


Covrs. 


Lotl. 
Lot  2. 


>  I 


Dee 


.  29.  |j 


Lotl. 
Lot  2. 


1864:  Jan.  5.    {  j^H' 

Jan.  19.  I 
Jan.  26.  | 
Fob.  2.  I 
Feb.  9.  I 
Feb.  16.  I 
Feb.  23.  I 


Lotl. 
Lot  2. 

Lotl. 
Lot  2. 

Lotl. 

Lot  2. 

Lotl. 
Lot  2. 

LotL 
Lot  2. 

Lotl. 
Lot  2. 


Special  Food. 


Pet  Cbnt.  Cbkaic. 


(Before  giving  Spe- 
cial Food^       .     . 
Do.        Do. 


Unmalted  Barley 
Malted  Barley    . 

Unmalted  Barley 
Malted  Barley    . 

Unmalted  Barley 
Malted  Barley  *. 

Unmalted  Barley 
Malted  Barley    . 

Unmalted  Barley 
Malted  Barley    . 

Unmalted  Barley 
Malted  Barley    . 

Unmalted  Barley 
Malted  Barley    . 

Unmalted  Barley 
Malted  Barley    . 

Unmalted  Barley 
Malted  Barley    . 


Morning.    Afternoon.        3Ieau. 


9| 
9i 


12 
10 

12 

lU 
10 

10} 
10 

12 

10 

11 

10 

12 
11 

12 
11 


12* 
12 


13 
12 

14^ 
13 

Uk 
13} 

18| 
13 

14' 
llj 

12J 
10} 

13J 
12 

14* 
13 

13} 
12} 


Hi 


10  J 


12} 
11 

13J 
111 

12| 
Hi 

121 
11} 

13 
10} 

11? 
10 

12} 
11 

13* 
12 

12f 
111 


SUMMARY. 


Dec.  29,  1863, 

to 
Feb.  23,   1864 


LotL 
Lot  2. 


Unmalted  Barley 
Malted  Barley    . 


11} 
10} 


13] 
12} 


121 
11} 
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Table  XXIV. — Experiments  made  with  COWS,  at  Nbwlands  Farm,  1 

Summary  of  the  Wkiuuts,  Incrkase  iu  Live-weight,  aiid  Yield  of  Mili 


1 

j 

Weights 
at  Gum- : 
menco-  ' 

ment 
(I)cc  21, 

1H63).   i 

j 

Incn 
i 

In 
4  weeks ; 
Dec.  21, 
1863,  to 
Jan.  IH, 
1864. 

^ase  (or  \xm)         '. 
n  Weight 

Weights  . 
at  Con* 
elusion 
(Feb.  29, 
1864).    i 

Summary  of  the  Increase 
(or  Lo«)  in  Weight 

Yield  of  Mil 

t 

Cows. 

1 

1 

In            In 

4  weeks ;  2  wet-kn ; 

Jan.  18,    Feb.  15, 

to             to 

F(b.  15.    Feb.  29. 

i 

Total 

in  10 

weeks. 

'      IVr 
j   week. 

n«t 

week. 

La«t 

week. 

1 

L 

ita.    1 

ot  1.— 10  Cow8 

;  Special  Food- 
IbB.          lbs. 

-Unmalted  Barley  **  N« 

0.  1." 

Ibd.  OZK     lb«.  <iZ&. 

Nos. 

1 

lbs.          Iba. 

lbs. 

IbH.OZS. 

1 
lba.oza. 

1 

1,086  1 

48     1     —18              20 

1,136 

50 

5    0 

4     8           158   12:      132     b 

2 

1,044  ! 

68     ,     —17 

19         ; 

1,114 

70 

7    0 

6     71        229     2      217     3 

3 

1,065 

62 

5 

18 

1,150 

85 

8     8 

7  10*        180     7       1:5  14 

A 

1,082 

43 

19 

6 

1,150 

68 

6  121 

6     1ft  ;     165  14'   149     1 

5 

1,020 

—26              22 

2 

1,018 

—  2      —0     34        0     3i         187     4       174     2 

6 

1,164 

78              38              32 

1,312 

148        14  121 

11  15ft        157     6      139  11 

7 

1,260 

24              16               8 

1 

1,308 

48 

4  I2f 

3  lit        156     4       136     7 

8 

944 

10              10 

10 

974 

30 

3    0 

3    2     1     177  13      ITh    >* 

9 

1,166 

42              41 

1 

13 

1,252 

96 

9    9^        7  16i        150  12      117     C 

10 

1.236 

76         —  6 

41 

1,347 

111 

11     1ft  '     8     9i        265  12      217  11 

1 

Totals     . 

11,067 

425     ',       110 

169 

1 
11,761 

704 

1     1,829     6  1. two    4 

Averages 

1.106 

1 
42              11 

17 

1,176 

70 

1                                    1 
7     01       6     21        182  15      163    U 

I 

iOt  2.—] 

10  Cow8 ;  Spwi»il  Food 

— Malte 
Ibe. 

d  Baric 
Iba. 

y  "  No.  I."  (wiUi  Malt-ii 

lunt). 

1 
lbs.  on. , 

Nos. 

Ibe. 

Ibe.          Iba. 

Ibe. 

;  Ibcou. 

Ibs.oxa.    lb6.on. 

1 

1,184 

32             72 

22 

,     1,310 

126       12    9i 

1 

10     If        125     2i       89  14' 

2 

992 

32         

—  2 

1,023 

30     1     3    0 

1 

2  151  1     302     8      lt^6    1. 

3 

1,260 

76             56 

36 

1,428 

168     '  16  12f 

1 

12    8          137     4      

1                  1 

4 

1,020 

,         27          19 

1,066 

46     .     4     9| 

4     Oft  1     157   15      135    » 

6 

914 

i         28     1     —  8     ;           2 

936 

22          2    3k 

2     6 

173  13      133    5 

6 

1,316 

84     1     —  8               2 

1,396 

80     1     8     0 

6  14ft 

169     7.     154  1» 

1 

1,008 

68     ,     

'     1,076 

68     1     6  121 

6     8i 

187     1'     lii3  14 

1                  1 

8 

1,065 

67              12 

35 

1,179 

114 

11     6ft 

1 
10     2i  i     180     6:      134  13 

9 

1.040 

68     '           8 

—14 

1.092 

62     ,     6    3i 

4  14 

302  14 

190    6 

10 

1     1,20$ 

31     '    —43 

20 

'     1,214 

8         0  12i 

0  10ft   ;     2S0  15 

195    II 

Totals     . 

11,006 

603             89 

122 

11.719 

714  ;  — 

I, TOT     4 

1»403    li 

AvengM 

1,101 

60     1          0 

12 

;     1,172 

»1 

7    2*  1    6     4i  '     iTf  11 

1                 1 

1      S49    i 
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ABI.B  XXV. — ^ExpKBiMiNTS  made  with  OXEN,  at  Rothamsted,  Herts. 

led  Recx)rd  of  the  Food  consamed,  of  the  Wei^^hts,  and  of  the  Increase  of  Live- weight. 
Ist  Period  of  4  Weeks ;  December  1  to  December  29,  1863. 


Food  ooDsumed. 


Total 

in 

Four 

Weeks. 


Pter 
Head 


Per 

1000  lbs. 
Uve- 


To 
produce 
100  lbs. 


Oxen. 


Weights,  and  Increase  (or  Loss)  in 
I J  ve- weight. 


Weights. 


Dec.  1. 


Increase  (or  Loss)  In 
Live-weight 


Dec.  29. 


Total        Per 
in  Head 

Four         per 
Weeks. .  Week, 


Lot  1. — 10  Oxen;  Special  Food.— Unmal ted  Barley  **No.  2." 


I 


Ited 


Iba. 
1,120 

2,240 

24,867 


lbs. 
4-0 

8'0 

88-8 


lbs. 

2t'8 

49*6 

651-1 


lbs. 
156*0 

312-0 

3463*4 


Nos. 
1 

2 

3 

4 
5 
6 
7 
8 
9 
10 


lbs. 

lbs. 

Ibe. 

1,151 

1,156 

6 

1,079 

1,170 

91 

1,183 

1,275 

92 

1,097 

1.163 

66 

1,095 

1.166 

71 

1.039 

1,107 

68 

1,152 

1,215 

.  63 

1,015 

1,131 

116 

1,102 

1,174 

72 

1,008 

1,082 

74 

lbs. 
1*3 

22*8 

23*0 

16-5 

17-7 

17*0 

16'8 

29*0 

18*0 

18*5 


Totiils . 


10,921 


11,639 


718 


Averages  . 


1,092       1,164 


71| 


18*0 


L(j^  2. lO  Oxen  ;  Special  Food.~Malted  Barley  "  No.  2,"  (with  Malt-dust). 


lbs. 

221*3* 
442-7   y 
4693.5 


Nos. 
1 

2 

3 

4 
5 
6 
7 
8 
9 
10 


lbs. 
1,204 

1.057 

1,148 

1,088 

1.176 

1,092 

1,078 

1,029 

1,078 

1,008 


lbs. 
1,226 

1,148 

1.208 

1,142 

1,184 

1,079 

1,090 

1.065 

1,661 

1,156 


lbs. 
22 


lbs. 
5*5 


91 

22*8 

60 

15*0 

54 

13*5 

8 

2*0 

—13 

-3-2 

12 

3-0 

36 

9*0 

88 

22*0 

148 

37*0 

Totals 


10,958  ,  11,464 


606     .       — 


Per 
1000  lbs. 
Live- 
weight 
per  Week. 


lbs. 


>  16 


16 


lbs. 


\    Hi 


Averages  . 


1,096 


1,146 


50^ 


12*7     I        Hi 


aot  tbe  sctaal  weights  of  malt  and  malt-dust,  but  ttxft  \\c\^\il  oi  V\Mi\»x\<^l  tcowv^XiStfia. 
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Tasu  XXVL — ^ExriKixKXTB  made  witih  OX£N,  at  BoTHAinnED,  Hbbib. 


L^-iM.ctl  £.eoyr<i  -:: 

tie  *  01^:  c:cis=2€C,  of  t 

tse  \\cMEnt& 

.mod  or 

tbelm 

crease  m  uve-we 

ipht 

'2z.'i  Pr^oi  :f  4  Wteks :  Deo^mber  29,  ltS3,  to  Janoaiy  26,  1864. 

F:oi  .TQS=i-L 

-  Qxco. 

Wdgbta.  and  Increue 

in  Lire-weij 
iy  in  LiT«-^ 

^ 

Wnglrts. 

lncre« 

^»^ 

To:         Tt 

1?«X 

Jan.  26, 

l!««4. 

Toul 

in 

Four 

W«ekfl. 

U 

:  1.— 10  Oxen ;  Sptcial  Food— rnmaltcd  Barley  -  No.  2.** 

Xca. 

llH. 

IbSL 

lbs. 

lb& 

1 

9» 

f 

1,156 

1,228 

1    « 

1     15*0    " 

1,170 

1,222 

52 

13*0 

1 

1,175 

1,368 

93 

1 

23-3 

1,163 

1.219 

.         ^ 

14*U 

Htfw           IbfiL             IbB.               Ib& 
Rar>7.  Qcnulted         1,120          4*0           33*3            MT-0 

1.166 
1,107 

1,223 
1.1^ 

,         56 

78 

14-0 
19*5 

^    lA 

CloT,-r-chtff   .     .        2,«4>0        10-0           S?-!           367-5 

1,215 

1.323 

108 

ro 

Svedfik  aJ }«».    .      25,511        MM         530-«         3347-» 

1.131 

.     1.208 

1 

«  < 

19-2 

1,174 

1.268 

94 

23*5 

10 

1,082 

1,153 

T. 

.     190 

1 

Touls.     . 

11,639 

'  12.401 

762 

— 

- 

Averages  . 

1,164 

1,240 

764 

■     190 

li 

Lo 

t  2.— 10  Oxen  ;  Special  Food— M 

alted  Barley  **  No.  2  "  (with  Malt-diwt;. 

Xoe. 

lbs. 

U». 

Ib& 

:                1 
1      »'* 

Dm 

1 

(             I 

1,226 

1,323 

97 

:    24*3 

1 

i 

2 

1,148 

1,208 

70 

17*5 

1 

1             3 

1,208 

1.316 

108 

27*0 

- 

4 

1,142 

1,232 

90 

'     32-5 

lbs.          lbs.    .        lbs.              \h6. 
^S'iS^S    }       ^»20*        4.0*  ;       23e»          142B* 

5 
6 

1,184 
;     1.079 

1.262 
1.132 

78 
53 

19-5 
13-2 

i  M 

CIOTer-chaff   .     .        2,800       10*0    '       59*0           356*2    , 

:              1                 I               ' 

'            7 

1 

1     1,090 

1,164 

74 

18-5    ' 

SwedeB,  ad  lib.    .     26,057       93-1 

649-4          3316  1 

1 

8 

1,065 

1,162 

9f 

24*3    1 

!         1 

1 

9 

1,166 

1.225 

69 

14-7 

1 

1 

10 

1 

1,156 

1 

1,216 

60  " 

15-0    ! 

Totals .     . 

1 
11,464  j 

12,250 

786 

^^       i 

- 

Averages . 

1,146 

1,225 

78* 

19*6    , 

If 

*  7%Ai9  llgnra  repmmt,  not  the  actual  weVgjblb  of  ti\s\\,  a&^  T(i»\\-4va«..  \rax  Vbifv^Mit  of  the  tarlir  fhtt  wki 
Id  be  produced.  ^ 
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'▲BUI  XXVJLL — ^ExPKBiMiNTS  made  with  OXEN,  at  Eotuambthd,  Hebts. 

died  Record  of  the  Food  oonsumed,  of  the  Weights,  and  of  the  Increase  in  Live-v^cight. 
3rd  Period  of  4  Weeks ;  January  26  to  Fehruary  23,  1864. 


Food  ooQsomed. 


Total 

in 

Fonr 

Weelu. 


Per 
Head 


Per 

1000  lbs. 

Live- 

wei^bt 

fper  Week. 


To 

produce 

100  lbs. 

Increase. 


Oxen. 


Weights,  and  Increase  In  Live-weight. 


Weights. 


Jan.  26. 


Feb.  23. 


Increase  in  Live-weight. 


Per 

1000  lbs. 

liive- 

weight 

per  Week. 


Jjoi  I.—IO  Oxen;  Special  Food— Unmalted  Barley  "No.  2." 

1 

N06. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1 

1 

1,228 

1,299 

71  • 

17-8 

V 

2 

1,222 

1,274 

62 

130 

3 

1,368 

1,465 

97 

24-2 

/      Ihm.             lbs. 

lbs. 

lbs. 

4 

1,219 

1,302 

83 

20-8 

r,BnaiIced|    1,120  |        4*0 

21*9 

156*3 

6 

1,222 

1,291 

69 

17-2 

.    '^i 

i  .  . 

.  /         MO            2-0 

11-0 

77*1 

6 

1,185 

1.260 

76 

18-8 

a^.  . 

1    3.360           130 

65-8 

462-8   \ 

7 

1,323 

1,393 

70 

17-5 

Mlib., 

/  21,757           77-7 

426  1 

2996-8 

8 

1,208 

1,288 

80 

20-0 

9 

1,268 

1,351 

83 

20-7 

* 

10 

1,158 

1,204 

46 

11-6 

J 

Totals .     . 

12,401 

13,127 

726 

— 

— 

Averages  . 

1,240 

1,313 

72i 

18-2 

144 

T  .  2 lO  Oxen  ;  Special  Food— Malted  Barley  **No.  2  "  (with  Malt-dust). 


lbs. 
1.323 

1,218 

1,316 

1.232 

1,262 

1,132 

1,164 

1,162 

1,225 

1,216 


lbs. 

lbs. 

1.400 

77 

1.295 

77 

1,383 

67 

1,274 

42 

1,325 

63 

1,185 

63 

1  253 

89 

1,197 

36 

1  288 

63 

1,281 

65 

lbs. 
19'3 

19-3 

16-7 

10-6 

15  8 

13-2' 

22-3 

8-7 

15*8 

162 


12,250  I   12,881 


631 


Averages  . 


1,225 


1,288 


63 


15-8 


lbs. 


12i 


lai 


gK>t  tbe  actual  weights  of  malt  and  malt-dust,  but  tbe  vr<fV«\\X>  o\  t\vt&\>M\«^  Vccic\  ^W^ 


abeprodoc** 


Tabik  XXVIIL — EsFUUXEfTS  made  with  OXEN,  at  Rotbahstid,  Hon. 

Detmilea  Eecord  ct  ll.,-  f.-jj  o)o.^..m.^I,  of  the  WVighta,  and  <jf  ibe  Incnat^  in  [.ivc-wwgbt 

4thl\ni.ii>f  4  Weeks:  FehruMj  23  lo  Mareh  52,  li^U-i. 


Fib.  33.  Md-.ixl 


Lot 

1.— lOOim;  SpwU  Food— Umnalted  Barley 

"No-a." 

Duver-chin        .    ,      3.3ED 

JMI'l    . 

' 

MS 
Ml 

MO 
MS 

K9 

nt 

U3 

Ito. 

:       i 

ToUU.     . 

i^llt 

J3^.. 

« 

- 

- 

i 

..n»  j  1^1 

-,|      .-. 

L<it2.— lOOien; 

Special  Fooil—SIaltod  Birlef 

"No.  a 

<withUaIMMt}. 

H«. 

11a. 
l.MM 

Us.         ita. 

1.431  1         M 

"- 

l,3W 

MO              > 

1-1 

l,S»3 

uo         « 

»' 

*<ibli><lii>i  i 

l.lWl* 

~ 

Ibt 

al^s' 

l,3U 

311            S» 
3U  :           • 

Ollulw   .     .     . 

Mil 

I'D 

lU-I 

iii'i 

I,1B» 

Cl<.«r.d*ff,     . 

3. MO 

13' 0 

M'fi 

iiM-r 

l,»3 

»«           B 

i-i 

"'*'"'"'■■ 

1..^ 

"•■" 

"'" 

,n.-o 

l.ass 

m        u 

"' 

'" 

l,». 

™        n 

.1 

T^.      . 

ll.«il 

i3,\a     too  j    -    1     - 

Av«»«». 

l.lfiB 

■l.alt  1      te|  j    -J-i 

■TbMa  l^m 

I*pT«i 

at.  not 

ibe  •ctuil 

«t*uo« 

™i^i^Vu„ 

»x-\™v> 

^«i 

— .eft^.*-*!. 

-wxtM 

k* 

V  •will  bepuMliHeil. 
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xiM  XXTX. — ^EzpiBimNTB  made  with  OXEN,  at  Rothampsted,  Hebts. 

led  Beoord  of  the  Food  oonstuned,  of  the  Weights,  and  of  the  Increase  in  Live-weight. 

5th  Period  of  4  Weeks ;  March  22  to  April  19,  1864. 


Food  congamed. 


ToUl 

In 
Four 


Per 
Head 


1000  Ibf. 

weight 
per  Week. 


To 

prodaoe 

100  Ibe. 

iDcreMO. 


Oxen. 


Wel^ts,  and  Increase  in  Live-weight. 


Weights. 


Mar.  22. 


Apr.  19. 


Increase  in  LiTe>wei|^t 


ToUl 

in 

Four 

WeelcB. 


Per 
Head 

per 
Week. 


Per 

1000  Iba. 

Live- 

weifdit 

per  Week. 


Lot  I.— 10  Oxen;  Special  Food— Unmalted  Barley  "  Nc 

K  2." 

• 

Noe. 

lbs. 

Iba. 

lbs. 

Iba. 

lbs. 

1 
3 
3 

1,316 
1,328 
1,4Y0 

1,404 
1,386 
1,591 

88 

58 

121 

22-0 
14-5 
30-3 

\ 

Ihs. 

Ibt. 

lbs. 

IbB. 

1,314 

1,404 

90 

22-5 

•         •         • 

1,120 
1,120 

4-0 
4-0 

20*3 
20-3 

101*8 
101*8 

1,310 
1,238 

1,422 
1,344 

112 
106 

28-0 
26*5 

>     20 

teff  .     . 

3,360 

12-0 

61-0 

305-8  / 

1,392 

1,566 

lU 

43-5 

aWVIBBB   . 

3,856 

13*8 

»0-0 

350'5 

1,294 

1,424 

130 

32-6 

ManSoUa 

13,980 

49*0 

253-9 

1,270-9 

1,353 

1.482 

129 

32-2 

\ 

10 

1,199 

1,291 

92 

23-0 

TotaU 

13,214 

14,314 

1,100 

Averages. 

1,321 

1,431 

110 

27-6 

20 

Lot  2.— 10  Oxen; 

Special  Food — ^Malted  Barley 

'•  No.  2 

"  (with  Malt-dust). 

Nob. 

lbs. 

lbs. 

Iba. 

lbs. 

llH. 

1 
3 
3 

1.437 
1,300 
1,430 

1,525 
1,422 
1,525 

88 

122 

95 

22-0 
30-5 
23-8 

\ 

Iba. 

Iba. 

Iba. 

Iba. 

4 

1,311 

1,396 

85 

21-2 

•   •    • 

1,120» 
1,130 

4-0» 
4-0 

20-7» 
20' 7 

144 •7» 
144*7 

5 
6 

1,334 
1,210 

1,444 
1,256 

110 
46 

27-6 
11-5 

•     14* 

tM  .      .        S,2M 

12-0 

63-0 

434-1  { 

7 

1,276 

1,346 

70 

17-5 

radM  .   1     4.347 

15*6 

80-2 

561-6 

8 

1.252 

1,252 

WB^ok^  \  1^,490 

61-8 

267-2 

1,872-1 

9 

1,311 

1,385 

74 

18-5 

10 

1,308 

1,392 

84 

21-0 

/ 

Totals.      . 

13,169 

13,943 

774 

Averagea . 

1,317 

1,394 

77* 

19.4 

14* 

1 

^^^^^^^ 

.«                   •     1 

La.             m   A«_ 

•_         «             . 

fbTpfmliicwi- 


tbe  actual  weights  of  malt  and  maltrduat,  but  tbe  weight  of  the  barley  from  which 
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Tabli  XXX. — ^ExPEBiMENTS  made  with  OXEN,  at  Bothampsted,  Hntr 

Summary  of  the  Weights,  and  of  the  Increase  in  Live-weight.     Total  Period  20  Wee 

Decemher  1, 1863,  to  April  19,  1864. 


OxKir. 


Weights 

at 

Gommence- 

[ment, 

Dec  1, 

1863. 


Increase  (or  Loss)  in  Weight 

In 

In 

In 

In 

In 

Four 

Four 

Four 

Foot 

Four 

Weeks; 

Weeks; 

Weeks; 

Weeks; 

Weeks; 

Dec.  1 

Dec.  29, 

Jan.  26 

Feb.  23 

Mar.  22 

to 

1863,  to 

to 

to 

to 

Dec  29, 

Jan  26, 

Feb.  23, 

M4r.22, 

Apr.  19, 

1863. 

1 

1864. 

1864. 

1864. 

1864. 

Weights 

at 

GondosioD, 

April  19, 

1863. 


Summary  of  the  Increi 
in  Weight. 


Lot  1.— 10  Oxen ;  Special  Food— Unmalted  Barley  ••  Na  2. 


Nos. 

lbs. 

lbs. 

lbs. 

Ibe. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

oas 

Iba.( 

1 

1.151 

6 

72 

71 

17 

88 

1,404 

253 

12 

10 

» 

2 

1.079 

91 

62 

82 

64 

58 

1,386 

307 

15 

12 

3 

1,183 

92 

93 

97 

5 

121 

1,591 

408 

20 

14 

4 

1.097 

66 

56 

83 

12 

90 

1,404 

307 

15 

12 

8 

1,095 

71 

56 

69 

19 

112 

1,422 

337 

16 

13 

6 

1.039 

68 

78 

75 

—22 

106 

1,344 

306 

15 

12 

1 

1.152 

63 

108 

70 

—  1 

174 

1,666 

414 

20 

11 

IS 

8 

1,016 

116 

77 

80 

6 

130 

1,424 

409 

90 

16 

9 

1,102 

72 

94 

83 

2 

129 

1,482 

380 

19 

14 

10 

1,008 

74 

76 

46 

—  8 

92 

1,291 

283 

14 

2 

12 

Totals 

10,921 

718 

762 

726 

87 

1,100 

14,314 

3,393 

— 

— 

— 

Ayerages  . 

1,092 

ni 

76i 

72i 

81 

110 

1.43U 

339« 

16 

15 

13 

Lot  2.— 10  Oxen ;  Special  Food— Malted  Barley  •*  No.  2  "  (with  Malt^liist). 


Nos. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Ihs. 

IbSL 

IlM. 

o^ 

U».< 

1 

1,204 

22 

97 

77 

37 

88 

1,525 

331 

16 

11 

2 

1,067 

91 

70 

77 

6 

122 

1,422 

365 

18 

14 

3 

1,148 

60 

108 

67 

47 

96 

1.525 

377 

18 

14 

14 

1,088 

54 

90 

42 

87 

86 

1,396 

308 

15 

13 

1,176 

8 

78 

63 

9 

110 

1»444 

368 

IS 

If 

1,092 

—13 

53 

63 

26 

46 

1,356 

164 

8 

1 

1.078 

12 

74 

89 

23 

70 

1,346 

358 

IS 

U 

1,029 

86 

97 

85 

68 



1,852 

8SS 

11 

f  : 

1,078 

88 

69 

63 

23 

74 

1,385 

9M 

U 

IS 

10 

1,008 

148 

60 

66 

27 

84 

1.S9S 

384 

It 

If 

ToliJl 

10,958 

606 

786 

631 

288 

774. 

13,M3 

S.MS 



— 

ATtnget . 

1.0981 

50» 

m 

63 

381 

w* 

i»aH4 

Mft 

u 

U 

IS 

(  ys  ) 
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On  the  Composition,  Value,  and  Utilization  of  Town  Sewage. 


By  J.   B.    LiAWES,  Esq.,   P.K.S.,   F.C.S.,    and   J.   H.   Gilbert, 

Ph.D.,  F.R.S.,  P.C.S. 


Position  of  the  Sewage  Question. 

It  is  no  less  true  than  strange  that,  after  so  many  centuries  of  ad- 
vance in  regard  to  ahnost  every  other  requirement  of  civilized  life,  the 
lesson  should  not  yet  have  been  learnt  of  how  to  dispose  of  the 
excretal  matters  of  large  populations,  in  such  a  manner  as  to  secure 
both  their  collection  and  removal  without  nuisance  and  injury  to 
health,  and  their  economical  utilization  for  the  reproduction  of  food. 
But  it  is  undoubtedly  the  fact  that,  hitherto,  where  utilization  has 
been  the  most  complete,  comfort  and  health  have  generally  been 
in  the  greatest  degree  sacrificed,  and  where,  on  the  other  hand, 
the  refuse  matters  of  town  populations  have  been  the  most  rapidly 
and  perfectly  removed  from  their  dwellings,  there  has  been  either 
no  utilization  at  all,  or  it  has  been  most  imperfectly  attained. 

Sewage,  the  foul  stream  which  flows  through  the  underground 
veins  and  arteries  of  our  great  cities,  carrying  with  it  the  excretal 
and  other  refuse  matters  of  large  populations,  hitherto  to  little 
better  purpose  than  to  be  wasted,  and  to  be  a  source  of  pollution 
to  our  rivers — to  destroy  their  fish,  injure  their  channels,  and 

*  TliA  rabstanoe  of  this  paper  was  given  as  a  IMsoonrse  before  the  Chemical 
&0€Aetjf  February  1, 1866,  by  Dr.  Gilbert. 
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of  our  rivers  are  concerned,  that  some  authorities,  espei 
the  Continent,  incline  to  the  reactionary  conclusion  that 
to  the  cesspool  system,  or  rather  the  adoption  of  some  i 
barrel,  tank,  or  cesspool  system,  of  collection  and  remova 
admixture  with  extraneous  water  is  inevitable. 

Before,  therefore,  entering  upon  the  question  of  the  com 
value,  and  modea  and  results  of  the  utilization  of  dili 
sewage,  it  will  be  well  to  call  attention,  though  very  b 
Bome  of  the  results  of  experience  hitherto  attained,  uik: 
Bystema  of  town  purification,  and  other  modes  of  utili: 
the  products,  than  the  modem  ones  by  means  of  water, 

China  and  Japan  are  frequently  cited  as  affording  exa: 
very  perfect  utilization  of  human  excretal  matters,  and,  i 
sequence,  of  great  productiveness  of  the  soil  and  great 
tration  of  population  on  a  given  area  of  land.  The  m; 
collecting,  removing,  and  transporting  human  excretal  m 
those  countries  is,  however,  such  as  to  be  quite  inadmiss 
our  modem  notions  of  cleanliness,  decency,  comfort,  and 

It  is  frequently  stated  that  in  Belgium  human  excreta! 
are  very  perfectly  utilized,  and  realise  considerable  mon« 
to  the  town  populations.  Indeed,  in  one  of  the  applicatic 
only  last  year  to  the  Metropolitan  Board  of  Works  for  th 
sion  of  the  Southem  sewage  of  the  Metropolis,  and  still  u 
consideration  of  that  body,  it  is  stated  that  the  excreta! 
sell  in  Belgium  for  Bomethinir  over  £1  ner  nnrson  ner  ad 
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practicesadopted  are  attended  with,  at  any  rate,  so  much  of  nuisance 
and  discomfort  as  would  not  now  be  permitted  in  this  country ; 
whilst  it  would  appear  that  a  considerable  proportion  of  the  urine 
of  the  populations  escapes  collection  and  utilization.  As  the 
result  of  the  same  inquiries,  it  was  concluded  that,  in  no  case,  did 
the  town  population  realise  by  the  disposal  of  their  excretal 
Blatters  as  much  as  averaged  one  franc  per  head  per  annum. 

The  conclusion  that,  as  a  rule  but  little,  and  frequently  nothing, 
is  realised  by  town  populations  when  their  excretal  matters  are 
collected  under  more  or  less  modified  cesspool  or  tank  systems,  as 
froe  as  possible  from  extraneous  water,  and  so  removed  for  appU- 
cation  to  the  land,  is  fully  confirmed  by  the  results  of  an  enquu-y 
J^nducted  by  a  Commission  sent  out  by  the  Prussian  Government 
^  1864,  to  investigate  the  modes  of  collection,  removal,  and  utili- 
^tion,  in  various  localities,  with  a  view  to  the  adoption  of  improved 
plans  for  the  city  of  Berlin. 

The    Prussian     Commissioners,     Herren   C.  v.    Salviati,   0. 
^^er,  and  Dr.  Eichhorn,  visited  and  reported  upon,  not  only 
^he  Belgium  towns  of  Ghent,  Ostend,  and  Antwerp,  but  likewise 
Hanover,   Cologne,   Metz,   Carlsruhe,  Strasburg,  Basle,  Lyons, 
^^rich,   Munich,  Nuremberg,  Dresden,  and  Leipzig;  and  their 
""^port  shows  not  only  that  the  householders  seldom  reaUsed  any- 
thing like  a  franc  per  head  per  annum  for  their  excretal  matters, 
"^t  that  in  the  majority  of  cases  it  cost  them  something  for  the 
^^nioval.     Nevertheless,  looking  to  the  position  and  local  circum- 
f^ces  of  Berlin,  and  especially  to  the  results  of  the  water-system 
^  this  coimtry  hitherto,  the  Commissioners  deprecate  the  adop- 
^^^n  of  that  system  for  that  city,  and  recommend  more  perfect 
^^^angements  and  more  stringent  regulations  for  the  emptying 
^d  removal  of  the  contents  of  existing  cesspools,  and,  where 
Practicable,  the  adoption  of  a  system  under  which  the  excretal 
patters  of  each  house  are  to  be  collected  in  a  barrel  placed  at  the 
P^ttom  of  the  shaft  leading  from  the  closets,  which,  when  removed 
^  covered  with  a  closely  fitting  lid,  and  is  of  such  dimensions  that 
^^0  men  can  carry  it  by  means  of  handles  attached  for  that  pur- 
P^^.    They  seem  to  anticipate  little,  if  any,  pecuniary  profit  to 
^he  town  from  these  arrangements,  but  consider  that  they  will 
"^  attended  with  scarcely  any,  or  even  no,  nuisance  or  discomfort, 
*^d  that  by  their  means  a  large  amount  of  valuable  manure  will 
7^  provided  in  a  convenient  form  for  transport  and  utilization, 
■■^ere  can,  however,  we  think,  be  little  doubt  that  under  such  a 
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system  the  collection  and  removal  must  be  attended  with  cc 
siderable  nuisance,  that  the  greater  part  of  the  urine  will  be  lo 
and  that  the  cost  of  the  collection,  removal  and  transport  will 
such  as  to  render  the  utilization  improfitable  beyond  a  compai 
tively  limited  distance  from  the  city. 

There  is  little  probability  that  the  diflSculties  of  the  water-syst< 
will  lead  us  in  this  country  to  have  recourse  a<^ain  in  our  lar 
towns  to  any  system  of  cess-pools,  tanks,  or  barrels,  howe^ 
improved ;  but  it  may  be  well  here  to  notice  one  or  two  attem" 
that  have  been  made  withm  the  last  few  years  to  obnate  " 
use  of  water,  and  thereby  to  avoid  the  pollution  of  rivers,  and 
secure  the  collection  of  the  manurial  matters  in  a  form  urn 
readily  transportable  by  ordinary  means,  and  therefore,  more  ai> 
cable  for  general  agi'icultiu-al  use :  for  there  cannot  be  a  doubt  t; 
if  any  system  could  be  devised  by  which  human  excretal  mat "' 
could  be  collected  and  removed  from  dwellings,  without  elt 
nuisance  or  injury  to  health,  and  obtained  economically  in  a  c 
centrated,  dry,  and  portable  condition,  their  utilization  would 
much  more  perfectly  attained  by  such  means  than  is  at  all  like 
or  even  possible,  under  the  water- fiy stem. 

Perhaps  the  most  noticeable  attempt  of  the  kind  in  question 
that  which  has  been  made  at  Hyde,  in  Lancashii'e,  a  manufacti 
ing  town  of  more  than  20,000  mhabitants.  Some  few  years  ^, 
a  company  contracted  to  carry  out  what  they  call  the  **  Eurel 
system."  They  provided  boxes  to  fit  in  at  the  back  of  the  pri^ 
or  closet  of  nearly  every  house,  leaving  scarcely  a  water-closet 
the  place.  Some  disinfecting  or  deodorising  mixture  is  put  in 
the  box  before  it  is  placed  in  its  position,  and  the  box  is  exchang 
for  a  fresh  one  after  a  certam  number  of  days,  according  to  t 
number  of  individuals  frequenting  the  place ;  and  it  is  stipulal 
that  neither  extraneous  water,  nor  any  other  than  human  excre 
matters,  should  be  accumulated  in  these  receptacles.  The  bo3 
when  removed,  are  covered  with  closely  fitting  lids,  and  so  tra 
ported  in  closed  vans  to  a  manure  manufactory  close  to  the  toi 
Here  the  matters  are  first  well  mixed,  and  then  strained  to  rem< 
rags,  which  are  washed  and  sold  for  paper-making.  More  dis 
fectant  is  then  added,  and  the  matter  concentrated  by  distillati 
the  distilled  water  being  sold  to  dyers  and  bleachers.  The  resic 
thus  thickened  is  then  mixed  with  coal-ashes,  which  are  ooUeci 
in  the  houses  in  casks  left  for  the  purpose,  and  before  being  m 
are  re-burnt  in  a  reverberator^'  furnace,  and  finely  ground. 
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On  vifflting  Hyde  in  1863,  it  certainly  appeared  that  the  mode 
of  collection  and  preparation  adopted  was  attended  with,  at  any 
rate,  very  little  unpleasant  odour,  and  it  was  maintained  by  the 
advocates  of  the  system,  that  its  adoption  had  been  successful  in 
a  sanitary  point  of  view ;  though  even  at  that  time  some  diflference 
of  opinion   existed,   and  a   controversy  on  the  subject  was  in 
pit^gress.     The  system  is  still  in  operation ;  but  we  are  informed 
that  the  feeling  of  the  inhabitants  is  very  strong  against  the  main- 
tenance of  the  works  in  the  neighbourhood ;  indeed,   that  an 
mjnnction  against  them  has  been  sought,  though  unsuccessfully, 
and  that    proceedings    by    indictment   are   now   being   taken. 
rhifl  opposition  has  reference  not  to  the  mode  of  collection, 
kttt  to  the  conducting  of  the  manufacture  so  near  to  the  town. 
But,  whether  or  not,  the  plan  of  collection  and  removal  may 
bave  proved  successful,  so   far  as   the   avoidance   of  nuisance 
*nd  injury  to  health  are  concerned,  the  process  of  manufacture 
seems,  unfortunately,  to  offer  but  little   prospect  of  successful 
utilization,   so  far  at  least  as  can  be  judged  from  the  results 
^^  an  analysis  made  at  Bothamsted,  of  a  sample  of  the  manure 
obtained  direct  from  the  works.     It   was    found    to    contain 
only  between  1  and  2  per  cent,  of  ammonia.     Such  a  manure, 
although  it  might  be  useful  enough  when  applied  in  quantities  of 
^any  tons  to  the  acre,  would  obviously  be  not  worth  more  than 
its  carriage  beyond  the  distance  of  a  very  few  miles.     Besides  the 
Ki^cat  dilution  of  the  more  valuable  manurial  matters  by  the 
^^mixture  with  ashes,  a  little  consideration  of  the  habits  of  the 
People  is  sufficient  to  account  for  the  small  quantity  of  ammonia 
fcund  in  the  manure ;  for  it  is  obvious  that  little  of  the  urine 
*^^Jond  that  passed  once  a  day  with  the  faeces  would  reach  the 
*^^xeB,  and  so  find  its  way  into  a  manure  thus  collected  and  pre- 
Par^. 

One  more  dry  system,  the  offspring  of  the  difficulties  of  the  wet 
^^©,  should  be  briefly  noticed,  namely,  that  of  the  Rev.  Mr.  Moule. 
■^^^  Moule  has  invented  and  patented  an  arrangement  for  the  use 
dry  sifted  earth,  instead  of  water.  He  states  that  by  the  use  of 
'^^Ut  4  lbs.  i)er  head  per  day  of  finely  sifted  clay,  deposited  by  means 
^^  a  mechanical  arrangement  upon  the  fsecal  matters  as  soon  as 
^^saed,  they  are  at  once  entirely  deodorised,  and  in  a  few  weeks  are  so 
^tirely  disintegrated  that  neither  excretal  matters  nor  paper  can 
r^  detected  in  the  mass,  which,  he  says,  looks  and  smells  like 
^^Bh  earthy  and  may,  after  resifting,  be  re-used,  until  it  has  done 
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duty  four  times  over,  by  which,  of  course,  there  is  not  only  a  gre 
saving  of  material,  but  the  value  of  the  manure  is  considerab 
increased. 

Very  obvious  objections  to  such  a  system  are — the  difficulties 
the  supply  and  preparation  of  the  soil  in  the  case  of  towns,  or  ev^ 
in  the  country  in  wet  seasons ;  the  fact  that  but  little  of  the  urir 
containing  as  it  does  so  large  a  proportion  of  the  valuable  manur 
constituents  of  human  excretal  matters,  would  reach  the  comp* 
so  prepared ;  and  that,  in  the  manure  produced,  the  more  vahia 
matters  would  be  diluted  with  so  large  a  proportion  of  compj^ 
tively  useless  material,  that  beyond  a  very  short  distance  the  c: 
of  carriage  would  be  all  that  the  manure  was  worth.  On  the  oL 
liand,  that  the  adoption  of  such  a  system  would  be  a  great  imprcz 
iiient  in  a  sanitary  point  of  \dew,  in  the  cases  of  sick  rooj 
detached  houses,  or  even  villages,  where  the  water-system  is  : 
available,  and  that  it  might  be  even  economical  where  the  eai 
for  preparation  and  absorption,  and  the  land  for  utilization,  are 
close  proximity,  may,  perhaps,  be  readily  granted.  But  we  are  ce 
tainly  not  so  sanguine  as  the  Rev.  Mr.  Moule,  who  seems  to  thin 
that  with  the  aid  of  Earth-closet  Companies,  his  plan  is  as  prac 
tieable  for  large  towns  as  is  the  supply  of  water,  gas,  and  coal,  a 
present,  and  much  more  so  than  the  removal  and  utihzation  ( 
dilute  town  sewage. 

Whilst  it  must  be  admitted  that  the  agricultural  utilization 
human  excretal  matters  has,  hitherto,  been  much  more  complete 
attained  under  the  system  of  collection  without  water  than  und 
our  new  one  with  it,  it  must  not  be  forgotten  that  neither  on  i 
continent  of  Europe  nor  in  this  country  has  such  utilizati 
resulted  in  any  substantial  profit  to  the  towns ;  and  that  it  is,  wi 
the  recorded  results  of  China  and  Japan  before  us,  and  after 
many  centuries  of  experience  nearer  home,  of  at  least  comparativt 
successful  utilization,  that  the  old  systems  have  been  abandom 
as  utterly  inconsistent  with  advance  in  habits  and  notions 
cleanliness,  and  with  the  maintenance  of  the  comfort  and  hea 
of  large  populations.  Nor  do  the  modifications  of  the  dry  systei 
to  which  brief  reference  has  been  made,  seem  to  hold  out  a 
hope  of  general  and  permanent  applicability  to  large  popalatio] 
looking,  as  we  must,  to  the  combined  requirements  of  convenieni 
comfort,  health,  and  utilization.  Our  water-system  of  hoc 
defecation  and  town  cleansing  is,  on  the  other  hand,  scarcely  mo 
than  a  generation  old.    By  its  means  excretal  and  other  refa 
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rs  are  more  rapidly  removed  from  dwellings  than  is  possible 
y  other ;  and,  independently  of  the  increased  comfort  and 
m  from  nuisance  obvious  to  all,  sanitary  statistics  have 
antly  shown  increased  immunity  from  zymotic  diseases,  and 
sed  longevity,  as  the  result  of  the  adoption  of  that  system, 
t  is  that  these  advantages  have,  hitherto,  been  attained  at 
st  of  the  almost  universal  sacrifice  of  the  manure,  and  of 
Injury  to  our  rivers. 

3,  then,  is  admittedly  the  existing  dilemma  of  our  modem 
jes.  But  public  attention  is  now  so  thoroughly  directed  to 
bject,  that  little  fear  need  be  entertained  that  either  the 
latic  non-utilization  of  the  sewage,  or  the  pollution  of  our 
by  it,  will  long  be  permitted.  Least  of  all  is  it  reasonable 
discouragement  in  the  fact,  that  the  system  which  has  done 
ch  for  some  of  our  town  populations  in  so  short  a  time, 
[  not,  at  this  early  stage  of  its  trial,  have  accomplished  all 
light  be  desired,  or  to  conclude  that  the  nuisances  and  difl&- 
;  incident  to  the  old  plans,  which  have  remained  unremedied 
^h  so  many  centuries,  have  much  better  chance  now  than 
rly  of  being  successfully  obviated. 

aming  that  there  is  more  likelihood  of  the  general  appli- 
y ,  success,  and  permanence  of  the  water,  than  of  any  other 
1  of  urban  defecation,  it  becomes  important  to  consider  the 
sition,  the  value,  and  the  modes  and  results  of  the  utiliza- 
f  the  product  of  that  system,  namely,  dilute  toicn  sewage, 
ly  plans  have  been  proposed  for  the  separation  of  the  valu- 
onstituents  from  sewer- water,  and  the  manufacture  of  them 
ry  and  easily  portable  manure.  But  whilst  several  of  these 
have  been  successful  in  separating  the  whole  of  the  insoluble 
imentary  matter,  and  even  some  small  portion  of  the  soluble 
tuents,  leaving  the  fluid  to  a  great  extent,  or  at  any  rate 
rarily,  purified,  and  in  a  much  less  objectionable  condition 
rning  into  rivers,  none  have  succeeded  in  either  adequate  or 
.nent  purification,  or  in  the  separation  of  the  more  valuable 
rial  matters,  and  the  production  of  a  concentrated  soUd 
e-manure,  having  a  sufficient  value  to  be  remunerative,  and 
X  the  cost  of  transport  more  than  a  very  few  miles  ;*  nor 

infonnation  in  regard  to  some  of  the  plans  proposed  for  the  partial  pnrifi- 
>f  sewage-water,  or  for  the  separation  of  a  solid  manure  from  it,  see — "  On 
plication  of  Sewage  to  Agriculture,**  by  Dugald  Campbell,  Esq.,  F.O.S^ 
Boo.  Qu.  J.  vol.  X.,  p.  272.    "  Report  of  Chemical  Investigations  relating  to 
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when  we  consider  the  great  solubility  of  some  of  the  more  active 
maniirial  constituents  of  sewage,  and  the  great  dilation  of  them 
in  tho  sewage,  can  any  hope  be  held  out  of  so  desirable  a  oonsmn- 
raation ; — desirable,  indeed,  for  if  human  excretal  matters,  the 
residue  of  the  constituents  consumed  as  food,  cannot  be  recovered 
in  the  form  of  a  concentrated,  dry,  and  easily  transportable  manure, 
little  hope  can  he  entertamed  of  their  re-distribution  over  anything 
like  the  area  from  which  they  came,  or  of  their  general  use  for 
the  direct  reproduction  of  the  varied  descriptions  of  food  which 
were  their  source. 

The  questions  arise :  WTiat  is  the  amount,  and  what  approxi- 
mately the  money  value  for  the  purposes  of  manure,  of  the  con- 
stituents contributed  to  sewage  by  a  given  population?  TVhat 
their  state  of  dilution  m  sewer-water?  To  what  soils  and  crops 
is  dilute  sewage  the  most  applicable  ?  What  is  the  money- value 
realisable  in  practice  by  sewage  utilization?  What  are  the 
conditions  of  profit  or  loss  to  towns  of  such  utilization  ? 

Compusition  and  Value  of  Town  Sewage, 

It  is  one  thing  to  determine  the  amount  of  constituents  con- 
taincid  in  sewage,  or  contributed  to  it  by  a  given  population,  and 
to  estimate  their  value  accordingly,  as  if  they  existed  in  the  dn 
and  portable  condition  of  the  various  concentrated  manures  of 
known  value  in  the  market ;  but  it  is  obviously  quite  another  to 
settle  the  really  available  or  realisable  value  of  the  same  consti- 
tuents when  they  are  distributed  through  an  enormous  volume  of 
water,  and  if  they  must  be  transported  and  utilized  in  that 
condition.  Let  us  first  consider  what  may  be  called  the  theoretical 
value  of  the  constituents  of  sewage,  or  their  estimated  value, 
taking  as  the  measure  the  value  of  the  same  constituents  in  dn* 
and  portable  manures. 

Numerous  authorities  have  undertaken  the  consideration  of 
tliis  (|uestion,  and  two  chief  methods  have  been  adopted.  One 
of  these  has  been  to  take  samples  of  sewage  and  determine  its 
composition  by  analysis,  to  adopt  such  estimates  as  are  at  command 
relating  to  the  amount  of  sewage  available  within  a  given  time  or 

The  Metropolitan  Main  Drainage  Qnestion,"  bjA.  W.  Hofmann,  LU).,  F.B.S., 
and  Henry  M.  Witt,  F.C.S.,  Report  on  Metropolitan  Drainage,  1857.  Deodori- 
lation  of  Sewage,  Seoond  Report  of  the  Royal  Sewage  Commiaaion.  1803,  Appendix 
No.  6,  p.  64. 
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rem  a  given  population,  and  bo  to  reckon  the  amount  and  value 
»f  the  constituents  in  a  given  quantity  of  sewage,  or  i)er  head,  or 
or  a  given  numher  of  persons,  per  annum.  Another  is  to  base 
he  calculation  upon  the  amounts  of  ffeces  and  urine,  or  of  the 
"arious  constituents  of  these,  which  have  been  recorded  as  voided 
)y  individuals  of  different  sexes  and  ages — sometimes  making 
kUowance,  and  sometimes  not  doing  so,  for  other  than  human 
ocretal  matters  reaching  the  sewers. 

First,  as  to  the  results  attained  when  the  calculation  is  based 
ipon  the  analysis  of  sewage,  and  estimates  of  the  amount  of  it 
ridded  by  a  given  population. 

In  estimates  of  the  value  of  the  constituents  of  sewage,  about 
hree-fourths  of  the  total  value  has  generally  been  attributed  to 
he  ammonia  (or  nitrogen  reckoned  as  ammonia) ;  and  it  so 
lappens  that  if  a  value  of  8d.  be  put  upon  every  lb.  of  ammonia 
ihown  by  analysis  to  be  contained  in  sewage,  or  if  for  each  grain 
>f  ammonia  per  gallon,  a  value  of  one  farthing  be  given  to  the 
otal  constituents  in  1  ton  of  the  sewage,  the  result  will,  in  either 
ase,  agree  almost  exactly  with  that  obtained  by  the  elaborate 
nethod  of  giving  the  currently  adopted  market  values  to  the 
leveral  constituents,  taking  dry  and  portable  manures  as  the 
ttandard. 

One  or  two  illustrations  may  be  given  of  the  applicability  of 
he  latter  mode  of  reckoning.  In  the  summer  of  1863,  Baron 
jiebig,  adopting  as  the  basis  of  his  calculations  an  analysis  of  the 
)or8et  Square  sewage  by  Mr.  Way,  which  showed  nearly  18  grains 
»f  ammonia  per  gallon,  estimated  that  (provided  the  quantity  of 
>h08phate8  which  he  considered  requisite  to  render  the  whole  of 
he  ammonia  available  were  employed  with  the  sewage)  the  con- 
tituents  in  1  ton  of  sewage  of  that  composition  would  be  worth 
kbout  4d.  Now,  according  to  our  mode  of  estimate  stated  above, 
.8  grains  of  ammonia  per  gallon  would  indicate  a  value  of 
.8  farthings,  or  ^^d.,  for  the  total  constituents  in  1  ton  of  the 
ewage.  In  January,  1865,  Baron  Liebig  assumed  the  average 
ewage  of  the  Metropolis  to  contain  only  7*2  (instead  of  18)  grains 
if  ammonia  per  gallon ;  and  he  estimated  the  value  of  the  con- 
tituents  in  1  ton  of  such  sewage  to  be  rather  over  IJd.  Our 
istimate  would  also  give  rather  over  7  farthings,  or  1  Jd.  Lastly  on 
his  point,  in  1857,  Messrs.  Hofmann  and  Witt  concluded  from 
heir  investigations  that  the  average  dry  weather  sewage  of  the 
ifetropolis  contained  about  8*2  grains  of  ammonia  per  gallon; 
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and  calculating  the  value  of  the  sewage  according  to  the  amount 
of  ammonia,  organic  matter,  phosphoric  acid,  and  potassa,  they 
estimated  that  of  the  total  constituents  in  1  ton  of  such  sewage 
to  be  about  2* lid.  It  is  clear  that  giving  a  value  of  ^il.  to  the 
total  constituents  per  ton  of  sewage,  for  each  grain  of  ammonia 
per  gallon,  would  yi^ld  almost  identically  the  same  result- 
It  is  obvious,  therefore,  that  in  this  part  of  the  discussion  we 
may,  for  all  practical  purposes,  safely  disregard  everything  but  the 
amount  of  ammonia  contained  in  the  sewage,  and  that  by  so  doing 
tlie  consideration  of  the  subject  will  be  greatly  simpliiied.  It 
will  be  seen,  too,  that  in  adopting  this  course  we  do  not  in  any 
way  ignore,  or  undervalue,  the  importance  of  the  associated  con- 
stituents, but,  on  the  contrary,  accord  to  them  the  same  value  as 
l^aron  Liebig,  Messrs.  Hofnuinn  and  Witt,  and  others,  have 
done  by  a  much  more  elaborate  process  of  calculation. 

Numerous  analyses  have  been  made  from  tinift  to  time  of 
samples  of  the  Metropolitan  and  other  sewage ;  and  sometimes  very 
important  theoretical  conclusions,  and  even  propositions  for  the 
investment  of  enormous  amounts  of  capital  in  utilization  schemes, 
and  anticipations  of  enormous  profits  from  their  adoption,  have 
been  based  upon  the  results  of  a  single  analysis.  Such,  however, 
is  the  variation  in  the  dilution  of  the  sewage  of  any  one  locality  at 
different  times,  that  it  is  (juite  imt>03sible  to  draw  any  safe  conclu- 
sions from  the  results  of  analysis  without  carefully  takmg  into 
consideration  the  circumstances  affecting  the  dilution  at  the  time 
of  sampUng.  This  is  striliingly  illustrated  by  the  results  given  in 
Table  I.,  in  which  are  i-ecorded  the  grains  of  ammonia  per  gallon, 
as  determined  by  various  experimenters,  in  samples  of  the  Metro- 
lK)litan  sewage,  taken  at  different  times  and  places,  and  also  the 
estimated  value  of  the  total  constituents  in  one  ton  of  the  sewage, 
reckoned  accordmg  to  the  number  of  grains  of  ammonia  per 
gallon  as  above  referred  to. 
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Table  I. 

f  of  Ajmmonia  per  gallon  in  different  sample*  of  Metropolitan  Sewage j  and 

estimated  value  of  constituejits  in  one  ton. 


.atlioritjr. 


/ 


\ 


jin  ic  Witt. 


Name  of  Sewer. 


Barrett's  Court 
Dorset  Square . . 


The  Fleet 

London  Bridge  

DowgateDock    

Iron  Gate 

Paul's  Wharf  \ 

Whitef  riar's  Dock | 

Custom  House,  West ...  | 
Custom  House,  East ...  < 

Hambro' Wharf [ 

Wool  Quay 

Tower  Dock 


I 


Mean 

Savoy  Street 


Time  of 
Sampling. 


Day 
Day 

Koon 

Midnight 

Noon 

Midnight 

Noon 

Midnight 

Noon 

Midnight 

Noon 

Midnight 

Noon 

Midnight 

Noon 

Midnight 

Noon 

Midnight 

Noon 

Midnight 

Noon 

Midnight 

Noon 

Midnight 


24  hours 


Ammonia 

per 
Oallon. 


Orains 


41 
17 

5 
8 
6 
8 

10 
3 
8 
6 

12 
8 
5 

'I 

8 
7 

15 
7 
6 
6 
5 

10 
7 


28 
96 

15 
50 
69 
10 
03 
43 
13 
20 
01 
13 
35 
41 
25 
17 
28 
01 
69 
69 
95 
00 
02 
15 


7-24 

8-21 


Estimated 

Value 

per  ton. 


d. 
lOi 

u 

2 

If 
2 

2^ 

Of 

2 

U 
3 

OJ 

U 

Of 

14 

2 

1| 
31 
2 

n 

n 
If 


If 

2^ 


le  results  given  at  the  head  of  the  table,  on  the  authority  of 
"Way,  are  those  of  probably  the  first  analyses  made  of  the 
•opolitan  sewage,  and  it  is  only  fair  to  say  that  at  the  time  he 
ished  them,  he  expressly  stated  that  although  they  showed 
there  was  great  manurial  value  in  sewage,  yet  they  could  not 
gbken  as  in  any  way  affording  a  measure  of  that  value.  It  was, 
ever,  upon  the  analysis  of  the  sample  of  the  Dorset  Square 
ige,  showing  nearly  18  grains  of  ammonia  per  gallon,  that  Baron 
>ig  based  his  calculations  as  to  the  value  of  the  Metropolitan 
ige  in  1863 ;  and  the  advocates  of  particular  sewage  schemes, 
even  members  of  Parliamentary  Committees,  have  sought  to 
id  much  upon  the  results  of  those  analyses. 
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From  the  varying  circumstances  under  which  the  sam] 
analysed  by  Dr.  Letheby  were  taken,  as  indicated  in  the  tabh 
is  obvious  that  the  results,  though  very  valuable  in  that  resp 
must  be  considered  rather  as  illustrations  of  the  variatioi 
composition  of  the  Metropolitan  sewage  at  different  times  ; 
places,  and  as  showing  the  danger  of  founding  important  pract 
conclusions  upon  the  results  of  the  analysis  of  an  individ 
sample,  than  as  affording  direct  evidence  as  to  the  aver 
composition  of  the  Metropolitan  sewage. 

The  sample  analysed  by  Messrs.  Hoffmann  and  Witt  wa^ 
mixture  of  equal  portions  taken  every  hour  during  twenty-f( 
hours  of  dry  weather,  and  there  is  no  doubt  that  that  sample  i 
better  claims  to  be  taken  as  representing  the  average  dry  weatl 
sewage  of  the  Metropolis  than  any  other  that  had  up  to  that  tii 
been  collected  and  examined.  It  was  upon  the  analysis  of  tl 
sample  that  Messrs.  Hofmami  and  Witt,  calculating  the  val 
of  the  ammonia,  organic  matter,  phosphoric  acid,  and  potasj 
which  it  contained,  estimated  that  the  constituents  in  one  ton 
such  dry  weather  sewage  would  be  worth  rather  over  2d.,  ar 
according  to  the  information  supplied  to  them  for  the  purpose 
their  calculations,  the  quantity  of  sewage,  exclusive  of  rainft 
would  be  about  158,000,000  tons  per  annum,  or  scarcely  thn 
iifths  as  much  as  that  assumed  in  the  estimates  of  Baron  Liel 
and  Mr.  Thomas  Ellis,  as  the  total  sewage,  namely,  266,000,0 
tons.  Yet,  Messrs.  Hofmann  and  Witt's  estimate  of  a  little  o^ 
2d.  for  the  value  of  the  constituents  in  one  ton  of  the  normal  ( 
weather  sewage  was  taken  by  Mr.  Ellis,  in  his  application  for  1 
concession  of  the  Metropolitan  sewage,  as  applying  to  the  wh 
amount  of  dilute  sewage  (inclusive  of  rainfall  and  subsoil  wat 
which  he  estimated  would  be  available  for  utilization  (266,000,( 
tons),  and  his  calculations  of  profit  to  his  Company  and  to  i 
ratepayers  were  based  upon  this  erroneous  assumption. 

To  conclude  in  reference  to  the  results  recorded  in  Table 
attention  may  be  called  to  the  fact  that  the  different  samples  sb 
a  variation  of  from  about  3  to  more  than  41  grains  of  ammoi 
per  gallon,  representing  approximately  a  difference  of  from  ab< 
|d.  to  about  10^.  for  the  estimated  value  of  the  total  constitue] 
in  one  ton  of  the  sewage. 

That  the  results  of  an  analysis  of  a  sample  of  sewage  of  a 
locality  taken  without  careful  reference  to  the  circumstances  of 
dilution,  are  not  only  entirely  inadequate  as  the  basis  of  gene: 
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conclusions,  but  may  even  be  utterly  misleading,  is  even  more 
Btrildiigly  illastrated  by  the  results  next  to  be  considered,  which 
were  obtained  in  the  course  of  an  investigation  undertaken  by  the 
late  Boyal  Sewage  Commission. 

Three  members   of   the    Commission,   the   late   Mr.   Henry 

Austin,  C.E.,  Mr.  Way,  and  one  of  the  authors  (J.  B.  Lawes) 

were  appointed  a  sub-committee  to  undertake  an  investigation 

on  the  utilization  of  sewage.     The  agricultural  experiments  were 

conducted  at  Bugby,  and  their  management,  and  the  selection, 

coDection,  and  preparation  of  samples  for  analysis,  devolved  upon 

the  authors,   the   analyses   being  made   in   the  laboratory  of 

Mr.  Way.     The  inquiry  extended  over  a  period  of  between   three 

and  four  years,  and  involved  the  application  of  different  quantities 

of  sewage  to  meadow-grass  and  some  other  crops ;  the  determina- 

fon  of  the  amounts  of  produce  obtained  ;  the  feeding  of  fattening 

oxen  and  milking  cows  on  the  unsewaged  and  the  sewaged  grass ; 

*Qd  the  sampling,  and  more  or  less  complete  analysis,  of  the  soil, 

of  the  sewage,  of  the  drainage-water  from  the  irrigated  land,  of 

^e  unsewaged  and  the  sewaged  grass,  of  the  milk  yielded  by  the 

^'ows  fed  upon  it,  &c.,  &c.     It  is  proposed  to  embody  in  the  sequel 

*  brief  abstract  statement  of  some  of  the  more  important  facts 

^i^d  conclusions  brought  out  by  the  experimental  inquiry  above 

rofered  to,  and  the  reader  is  referred  for  all  fuller  details  to  the 

sports  of  the  Commission.* 

The  mode  of  collecting  samples  of  the  Rugby  sewage  for 
^tUdygis  was,  to  take  about  a  quart  (from  a  gauge-tank  holding 
"^tween  3  and  4  tons,  through  which  the  sewage  flowed  before 
P'^^wing  on  to  the  land),  at  intervals  of  about  two  hours  for  several 
^^JB  together,  well  mix  the  quantity  so  accumulated,  and  take  a 
^*^inple  of  the  mixture  for  analysis.  93  such  mixed  samples  were 
^^Uected  and  analysed,  the  period  of  collection  extending  over  81 
^>U>nth8,  from  April,  1861,  to  October,  1863,  inclusive.  Table  11. 
^0W8  the  highest,  the  lowest,  and  the  average  amounts  of  ammonia, 
^'rf  total  solid  matter,  which  the  analyses  of  these  numerous  mixed 
^wnplee  indicated. 


BeooQd  Keport  of  the  CommiBsion  appointed  to  inquire  into  the  best  mode  of 
''^■Mating  the  sewage  of  Towns,  and  applying  it  to  beneficial  and  profitable  oses ; 
»8«2.  Third  da  do.,  1866. 
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Table  II. 

Shotfing  the  higliett^  lofrcstj  and  average  amounts  of  Ammonia,  and  total  Solid 
Matter^  in  mixed  samplet  of  Jiugby  Sewage  at  different  titms. 


1861 


1 


51-2  I 
52-3  \ 


Highest    

Lowest 

Mean  of  24  analyses 

Highest    

Lowest 

Mean  of  34  analyses 

Highest    

Lowest 

Mean  of  35  analyses 


Ammonia. 


Grains 

per 
Oallon. 


15-64 
2-99 
6-89 


11-38 

2  •  55 
5  •  95 

12-81 

3  14 

7-08 


Ibe. 

per  1000 

Ton& 


500-5 

95-7 

204-5 

364*2 

81-6 

190-4 

409-9 
100-5 
226  •  5 


Totol  Solid  Matter. 


Grains 

per 
Gallon. 


216 
87 
75 

129 
50 
80 

269 

62 

103 


o 
6 
1 

8 
5 
3 

9 
2 
2 


lbs. 

per  100t» 

Tons. 


12«i3 
2405 

41S'^ 
161«; 
2570 

S637 
19S9 
83nj 


Thus,  although  each  sample  analysed  was  a  mixture  of  samples 
taken  over  several  days  together,  as  above  described,  there  was  a 
variation  among  the  98  samples  of  from  2J^  to  15 J  grains  of 
ammonia,  and  from  37^  to  270  grains  of  total  solid  matter,  per 
gallon  ;  or,  of  from  81^  to  500^  lbs.  of  ammonia,  and  from  120H 
to  8,637  lbs.  of  total  solid  matter,  per  1,000  tons  of  sewage. 
Reckoned  according  to  the  number  of  grains  of  ammonia  per 
gallon,  the  estimated  value  of  the  total  constituents  in  1  ton  of 
sewage  varied  from  about  id,  to  nearly  4d. 

Notwithstanding  the  very  great  differences  in  the  composition 
of  the  Ruj:,'by  sewage  at  different  times,  much  greater,  indeed. 
than  could  have  been  expected,  considering  the  circumstances  of 
the  sampling,  it  is  still  believed  that  the  mean  of  so  many  deter- 
minations may  be  taken  as  indicating,  at  any  rate  approximately. 
the  averacre  composition  of  the  Rugby  sewage  over  the  period  to 
which  they  refer.  The  probability  of  this  will  be  seen  on  a 
consideration  of  the  average  results  for  each  of  the  three  sea- 
sons, and  for  the  total  period  of  31  months  of  collection,  given  in 
Tal)le  III. 
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Table  HI. 

Mean  Cirmpotition  of  Rughy  Sewage,  in  1861,  1862,  a»^  1863. 


ConBtitaents. 


Means  of 


24  Samples 

April  to 

Oct  1861. 


34  Sample8|3 
Nov.  1861 

to 
Oct.  1862. 


5  Samples 
Nov.  1862 

to 
Oct.  1863. 


93  Samples 
April  1861 

to 
Oct.  1863. 


Grains  per  gallc 

m. 

.  1 

1  suspension^ 
solntion     - 

Inoriranic    tt   r 

14-36 
14-16 

20-86 
16-84 

34-45 
24-03 

24-30 

Organic 

Total    

'Inoriranic    

18-85 

28-52 

36-34 
10-28 

37-70 

34-42 
8-20 

58-48 

36-80 
7-92 

43-15 
35-81 

Organic  

Total   

8-68 

46-62 

50-70 
24-44 

42-62 

55-28 
26-04 

44-72 

71-25 
31-95 

44-44 

Total  inorganic    ... 
Total  organic    

60-11 
27-4S 

Total  solid  matter  . 

75-14 

80-32 

103-20 

87-59 

fin  suspension 

1-41 

4-98 

1-47 

4-48 

1   80 
5-22 

1-60 

In  solution 

4-89 

mmoniA 

Total   

6-39 

5-95 

7  08 

6-49 

lbs.] 

per  1000  tons. 

Inorganic  

Orjranic  

460 
4.53 

668 
539 

1102 
769 

778 
603 

asuapwMtton . 

Total   

913 

1163 
329 

1207 

1101 
262 

1871 

1178 
253 

1381 

Inorganic   ...  

1146 
276 

n  sdlution     ^ 

Total    

1492 

1623 

782 

1363 

1769 
801 

1431 

2280 
1022 

1422 

Total  inorganic    ... 
Total  organic    

1924 
879 

Total  solid  matter . 

2405 

2570 

3302 

2803 

In  enspension    

In  eolation 

45 
159 

47 
143 

60 
107 

51 
157 

Ajnmoni* 

Total   

204 

190 

227 

208 
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It  is  been  that  the  mean  result  of  the  analyses  of  24  samj)'^ 
collected  from  April  to  October,  inclusive,  1861,  indicates  G'Sv 
grains  of  ammonia  per  gallon ;  that  of  84  samples  collected  from 
November    18G1,  to   October    1862,  inclusive,  5*95  grains,  and 
that  of  85  samples,  collected  from  November  1862,  to  October 
1868,  inclusive,  7*08  grains.     This  diflference  in  the  average  con- 
centration of  the  sewage  of  the   different  seasons  is   perfectly 
consistent  with  the  difference  in  the  character  of  the  seastMis  them- 
selves.    Thus,  the  season  of  1861-2  was  much  the  wettest,  and  its 
sewage  was,  accordingly,  the  most  dilute;    the  season  of  1862-8 
was  much  the  driest,  indeed  extremely  dry,  and  its  sewajje  was  the 
strongest;   and   the  season  of   1861  being  intermediate  in  this 
resi)ect,  its  sewage  was  of  uitermediate  strength. 

Looking  to  the  average  result  of  the  98  analyses,  it  will  Imj 
observed  that  the  sewage  ccmtained  about  87i  grains  i.)er  gallon  of 
total  solid  matter,  of  which  about  two-thirds  was  inor*];anic,  and 
one-third  organic.  About  half  of  the  total  solid  matter  was  in 
susi)ension,  and  half  in  solution:  of  the  half  in  suspension  aUiut 
four-sevenths  was  inorganic  and  three-sevenths  organic,  and  of  the 
half  in  solution,  about  four-lifths  inorganic,  and  one-fifth  organic. 
Lastly,  of  the  nitrogen  reckoned  as  annnonia,  about  one-fourth 
was  in  suspension,  and  three-fourths  in  solution. 

The  mean  of  the  93  analyses  shows  about  6J  grains  of  ammo- 
nia per  gallon,  indicating  a  value  of  about  Ifd  for  the  total 
constituents  in  1  ton  of  the  sewage.  But  taking  into  considera- 
tion the  fact  that  the  samples  were  not  collected  at  exactly  equal 
hitervals  throughout  the  total  period,  it  is  concluded  that,  by 
taking  the  mean  result  for  each  of  the  81  months  separately,  and 
then  the  mean  of  the  81  means  so  obtained,  the  result  will  more 
nearly  represent  the  real  average  composition  of  the  sewage  of  the 
whole  period,  than  will  the  direct  mean  of  the  93  analyses  ;  and 
the  calculated  average  so  obtained  indicates  about  7,  instead  of 
only  6 J,  grains  of  ammonia  per  gallon. 

From  all  the  information  at  command  as  to  the  population  con- 
tributing to  the  sewers,  the  water-supply,  the  rainfall,  and  the 
drainage  area,  it  was  concluded  that,  taking  the  average  of  seasons, 
there  are  about  60  tons  of  sewage  per  head  of  the  population  of 
R^gby,  per  annum ;  but  that,  as  the  period  of  the  experiments  was 
drier  than  usual,  the  amount  probably  then  reached  to  only  about 
55  or  56  tons. 

Now,  if  we  reckon  6J  grains  of  ammonia  per  gallon^  and  60 
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tett  of  sewage  per  head  per  annum,  it  would  result  that  12^  lbs. 
of  ammonia  were  contributed  annually  for  each  average  individual 
rf  the  mixed  population,  of  both  sexes  and  all  ages ;  or,  if  we 
Bckon  7  grains  of  ammonia  per  gallon,  and  56  tons  of  sewage  per 
eadper  annum,  we  equally  arrive  at  the  amount  of  12^^  lbs.  of 
omonia  per  head  per  annum ;  and  from  a  careful  consideration 
the  Rugby  results,  it  was  concluded,  at  the  time  the  Report 
s  issued,  that  this  probably  very  nearly  represented  the  actual 
tb. 

[aving,  then,  by  means  of  the  results  of  a  great  many  analyses 
ewage,  and  a  consideration  of  the  amount  of  sewage  obtained 
ftch  average  individual  of  the  population,  estimated  that  for  each 
average  individual  there  would  be  about  12^  lbs.  of  ammonia 
lally  contributed  to  the  sewer-water,  let  us  next  see  what 

Table  IV. 


Ht  of  Nit  rogen  reckoned  a$  Ammonia^  and  exthnated  value  of  total  ConatUuentSf 

in  Human  Voidings^  per  head  per  annum. 


Ammonia 


Value  of 

Total 

ConstitaentB. 


Adult  Males ;  Hof  maun  and  Witt. 


Urine.... 



lbs. 

16-8 

2-3 

B.    d. 
10    0' 

FaeceB.... 

1     8| 

Total 

181 

11     9* 

Adult  Males;  Thudichum. 


Urine. 


15-9 


10    3» 


Average,  both  sexes  and  all  ages/,  Hofmann,  Witt,  and  Thudichum. 


Urine 
Faeces 


Total 


Avenige ;  both  sexes  and  all  ages ;  Lawes  and  Gilbert. 


tFood 

According  to  <Voidings 

(Voidings 

Mean 


8     4 


c  2 


Witt  took  tlie  amount  of  urine  estimated  to  be  daily  voi 
adult,  and  the  amount  of  faeces  recorded  as  voided  on  tl 
per  head  of  the  body-guard  of  the  Grand  Duke 
Darmstadt  (but  allo-wing,  as  they  said,  a  little  more  ( 
Bull "),  and  applying  the  results  of  Berzelius'  analysis 
and  those  of  the  analysis  of  Way,  Liebig,  and  Wesai^, 
tliey  calculated  the  amount  of  ammonia,  and  other  cor 
daily  voided  by  such  persona.  According  to  their  data,  tl 
of  ammonia  annually  voided  by  an  adult  male  was,  in  t 
in  fieees  2'3,  total  18"1  lbs. ;  and  the  estimated  money  vs 
constituents  was  in  urine  10s.  OJd.,  in  fieces  Is.  8 
lis.  9^.  The  result  so  obtained  for  adult  males  the 
applicable  to  each  individual  of  a  mixed  population,  of  1 
and  all  ages,  assuming  that  other  matters  reaching  t 
would  probably  make  up  the  difference.  There  can  be  li 
that  this  was  making  far  too  liberal  an  allowance  for  o 
human  excretal  matters  contributing  to  the  value  of  th 

Some  years  later,  in  1863,  Dr.  Thudichum,  from  m 
comprehensive  data,  gave  for  the  urine  alone  of  an  a 
I5'9  lbs.  of  ammonia,  and  10s.  3}d.  of  value;  amounts 
will  be  seen,  are  almost  identical  with  those  of  Messrs. 
and  Witt. 

But  Dr.  Thudichum,  instead  of  directly  applying  tl 
obtained  for  an  adult  male  to  each  average  individual  c 
population,  considered  that  two  adult  males  would  appi 
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exes  and  all  ages.  By  this  process,  as  the  Table  shows,  we  have 
early  13  lbs.  of  ammonia,  and  nearly  8s.  6d.  of  value,  to  represent 
1©  mixed  voidings  of  such  an  average  individual. 

In  1854,  the  authors,  basing  their  estimates  on  very  compre- 

dnsive  data,  relating  both  to  the  amounts  of  constituents  con- 

Lxued  in  the  food,  and  voided  in  the  urine  and  fseces,  of  persons 

different  ages  and  both  sexes,  concluded  that  probably  about 

>  lbs.  of  ammonia,  and  total  constituents  of  the  estimated 
anonal  value  of  about  6s.  8d.,  were  annually  contributed  to 
'vrage  per  individual  of  a  mixed  town  i^opulation.  More  recently, 
Mr  the  purposes  of  the  Eeport  of  the  Eoyal  Sewage  Commission, 
1  the  estimates  relating  to  the  constituents  voided  were  carefully 
i^vised,  bringing  into  the  calculations  such  further  information  as 
as  then  at  command ;  *  and  the  results  so  obtained  are  recorded 
L  the  Table  (IV). 

The  amount  of  nitrogen  estimated  to  be  annually  consumed  in 
!.« food  of  an  average  individual  was  deduced  from  the  calculation 
'  86  dietaries,  arranged  in  15  classes,  according  to  sex,  age, 
Btivity  of  mode  of  life,  and  other  circumstances,  and  corresponded 

>  about  12'2  lbs.  of  ammonia;  from  which,  of  course,  a  deduc- 
uon  has  to  be  made  for  the  nitrogen  retained  in  the  body,  and  for 
>e8  in  various  ways.  When  the  calculation  was  based  upon  deter- 
minations or  computations  of  the  amounts  of  nitrogen  or  ammonia- 
l«lding  matters  voided  by  persons  of  different  sexes  and  ages,  the 
"©suit  arrived  at  was  12*6  lbs.  of  ammonia ;  and  when  uix)n  the 
'ecorded  amounts  of  fresh  urine  and  faeces  voided,  and  the  average 
imposition  of  these,  the  amount  indicated  was  12*7  lbs.  of 
ammonia  per  head  per  annum.  A  careful  consideration,  however, 
of  the  circumstances  of  the  majority  of  the  cases  contributing  to 
the  averages  among  those  divisions  of  the  population  in  relation 
^  which  the  evidence  is  the  most  plentiful,  and  of  the  relative 
character  of  the  results  where  it  is  the  most  deficient,  led  to  the 
inclusion  that  the  estimate  of  12'6,  or  12*7  lbs.  for  the  amount 

*  For  nearly  the  whole,  if  not  the  whole,  of  the  data  upon  which  the  new 
^'^^tesare  based,  see  "  On  the  Sewage  of  London,"  by  J.  B.  Lawes,  F.R.S.,  Journal 
^  the  Society  of  Arte,  March  9, 1855 ;  "  The  Composition  of  the  Urine  in  Health 
2*  Disease,''  by  E.  A.  Parkes,  M.D. ,  1860 ;  "  On  an  Improved  Mode  of  collecting 
^^^^iwnentitious  Matter,  with  a  view  to  its  Application  to  the  benefit  of  Agri- 
J^We,  &C.,"  by  J.  L.  W.  Thudichum,  M.D.,  F.C.S.,  Journal  of  the  Society  of  Arts, 
f^y  16, 1863 ;  and  "  On  the  Elimination  of  Urea  and  Urinary  Water,  in  relation 
1^  Uie  period  of  the  Day,  Season,  Exertion,  Food,  &c.,  &o.,"  by  Edward  Smith, 
"t-D^  LL.B.,  F.B.S.,  Philosophical  Transactions,  voL  cli,  p.  747. 
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of  ammonia  voided  annually  by  an  average  individual  of  a  mi 
l)opulation,  was  in  all  probability  too  high. 

Reviewing  the  whole  of  the  evidence,  both  that  relating  to  the 
comi>osition  and  the  amount  of  the  Rugby  sewage,  and  Xbat 
relating  to  the  amount  of  constituents  voided  by  an  average  indi- 
vidual, it  was  concluded  that  the  amount  of  ammonia  annuailj 
contributed  to  the  sewer-water  by  an  average  person  of  a  mixe'l 
I)opulation  was  pretty  certainly  more  than  10  lbs.,  as  formerl  J 
assumed,  but  ijrobably  less  than  12  lbs. ;  and,  making  allowan^c:^'^ 
for  the  fracti(mal  part  of  the  excretal  matters  of  horses,  co^ 


dogs,  and  other  animals,  of  tlie  refuse  of  slaughter-houses,^^^ 
soot,  and  of  other  refuse  matters  that  may  reach  the  sewers, 
was  concluded  that  still  not  more  than  12  J  lbs.  of  ammonia  woul 
be  contributed  annually  to  the  sewers  from  all  sources,  jier  head 
mixed  town  population.     This  would  indicate  an  estimated  valu 
of  8s.   4d.  per  annum  for  the  total  constituents  in  the  sewage  fo 
each  average  uidix-idual. 

It  was  admitted,  however,  to  be  a  great  desideratum,  tha'  -^ 
when  the  Main  Drainage  of  the  Metropolis  came  to  be  complet4Hl.  ' 
and  the  works  to  be  m  full  operation,  competent  persons  shoulc^'^ 
be  appointed  to  superintend  the  gauging,  sampling,  and  analysif^ 
of  the  sewage,  with  a  view  to  providing  data  which  might  serve  to  ^ 
determine  satisfactorily  and  conclusively  the  approximate  amount, 
and  average  composition,  of  the  MetropoUtan  sewage,  as  it  will 
have  to  be  dealt  with  in  any  plan  of  utilization,  and  also  the 
relation  of  population  to  the  composition  of  sewage  generally. 

Since  the  pul>lication  of  the  report  of  the  commission,  in  March 
1805,  numerous  gaugings  and  samplings  of  the  sewage  of  the  mid- 
and  high-level  sewers  North  of  the  Thames  have  been  imdei*- 
taken,  and  many  samples  have  been  analysed  by  Mr.  Waj'  and 
Dr.  Odling.  The  results  of  this  inquiry  have  not  yet  been  pub- 
lished ;  but  from  information  kindly  communicated  by  Mr.  Way, 
we  are  enabled  to  state  their  general  bearing,  so  far,  upon  the 
point  now  under  consideration. 

From  these  new  results  it  appears  very  probable  that  the 
amount  of  dry  weather  sewage  averages  only  about  two-thirds  as 
much  per  head  of  the  population  as  that  generally  supposed  before, 
and  assumed  both  in  the  inquiries  of  Messrs.  Hofmann  and  Witt, 
and  in  the  Report  of  the  Sewage  Commission ;  but  the  average 
amount  of  ammonia  per  gallon  now  found  by  Mr.  Way  in  the 
dry  weather  sewage  very  nearly  approaches  that  arrived  at  by 


AND   UTILIZATION   OF   TOWN   SEWAGE.  23 

Mrs.  Hofmann  and  Witt.      Both  Mr.  Way  and  Mr.  Cresy 
ikly  admit,  however,  in  accordance  with  common  experience 

farther  a  subject  is  investigated,  that  there  are  still  many 
1  questions,  the  settlement  of  which  may  materially  affect  the 
)er  interpretation  of  the  new  gaugings. 
Bsuming  them  to  indicate  the  result  at  present  supposed,  and 
«^e  stated,  it  follows  that  the  total  amount  of  ammonia  yielded 
I  given  population  will  be  only  about  two-thu*ds  as  much  as 
i  estimated  by  Messrs.  Hofmann  and  Witt,  on  applying  the 
ilts  of  their  analysis  to  the  higher  estimated  amount  of  the 
weather  sewage.  It  further  follows,  from  the  same  evidence, 
i  the  amount  of  ammonia  annually  contributed  to  the  sewage, 
1  all  sources,  per  head  of  a  mixed  population,  is  more  nearly 
bs.,  as  formerly  conchided  by  the  authors,  than  12J  lbs.,  as 
e  recently  estimated ;  and  if  this  result  should  be  confirmed, 
r  former  estimate  of  Bs.  8d.  will  more  nearly  represent  the 
dated  annual  value  of  the  total  constituents  yielded  per  head 
le  population  than  the  more  recent  one  of  8s.  4d.  It  would 
.  have  to  be  conchided,  as  indeed  is  not  improbably  the  case, 
,  in  the  calculations  based  on  the  mean  composition  and  the 
uated  total  amount  of  the  Eugby  sewage,  the  latter  had  been 
n  at  too  high  a  figure,  too  large  a  proportion  of  the  rainfall 
ng  been  assumed  to  reach  the  sewers ;  and  that,  in  the 
nates  founded  on  the  recorded  amounts  of  constituents 
ed,  the  incompleteness  of  the  records,  as  already  pointed  out, 

as  was  supposed,  led  to  too  high  an  estimate. 
e  have,  then,  from  10  to  12^^  lbs.  of  ammonia,  and  an  esti- 
Bd  value  of  from  6s.  8d.  to  8s.  4d.  for  the  total  manurial  con- 
lents,  contributed  to  sewage  by  each  average  individual  of  a 
3d  town  population.  Adopting  these  amounts,  the  questions 
3 — ^What  will  be  the  amount  of  ammonia,  and  what  the  esti- 
ad  value  of  the  constituents,  in  a  given  amount  of  sewage,  at 
rent  dilutions  ?     These  ix)ints  are  illustrated  in  Table  V. 
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According  to  :he  informaiion  supplied  to  Messrs.  Hofiownn 
and  Witt,  the  dry  weather  sewage  of  the  Metropolis  amounted  to 
Ixitween  36  and  37  gallons  per  head  per  day  =  about  60  tons  per 
}iead  i>er  annum.  Their  analysis  showed  8"2  grains  of  ammonia  per 
gallon,  equivalent  to  about  15 J  lbs.  of  ammonia  per  head  per 
annum  ;  and  thev  reckoned  the  total  constituents  in  1  ton  of 
>uch  sewage  to  be  worth  2'lld.  But  Table  V  shows  that  with  a 
dilution  of  GO  tons,  and  with  12|  lbs.  of  ammonia  per  head  per 
annum,  there  would  be  only  6'5  grains  of  ammonia  per  gallon, 
and  total  constituents  in  1  ton  of  sewage  worth  only  Ifd.;  and 
that  with  only  10  lbs.  of  ammonia  per  head  per  annum,  there 
would  be  only  5*2  grains  per  gallon,  and  constituents  worth  only 
l^d.  in  1  ton  of  tlie  sewage. 

If,  however,  we  take  the  dry  weather  sewage  as  indicated  by  the 
recent  gaugings  as  more  nearly  24  gallons  per  head  per  day=a 
rate  of  40  tons  per  head  per  annum,  we  have  then,  with  12J  lbs.  of 
ammonia  per  head  per  annirni,  9-77  grains  per  gallon,  and  2'44d. 
worth  of  constituents  per  ton  ;  or,  taking  10  lbs.  of  ammonia  per 
liead  per  annum,  we  have  7*8  grains  i>er  gallon,  and  constituents 
in  1  ton  of  an  estimated  value  of  nearly  2d.  Now,  Mr.  Way's 
conclusion  is,  that  the  mid-  and  high-level  dry  weather  sewage 
North  of  the  Thames  averages  scarcely,  but  nearly,  8  grains  of 
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mmonia  per  gallon,  or  almost  exactly  the  amount  last  mentioned ; 
ad  as  Messrs.  Hofmann  and  Witt*s  analysis  shows  8*2  grains, 

will  be  seen  that  both  estimates,  taken  in  connection  with  the 
oiended  one  as  to  the  daily  amomit  per  head  of  the  dry  weather 
)wage,  go  to  confirm  the  assumption  that  the  amount  of  ammonia 
mtributed  to  the  sewage  from  all  sources  is  much  more  nearly 
3  than  12^  lbs.  per  head  per  annum. 

Whatever  may  eventually  prove  to  be  the  average  dilution  of 
le  dry  weather  Metropolitan  sewage,  the  actual  amount  of  fluid 
lories  immensely  from  time  to  time,  according  to  rainfall  and 
Lher  circumstances.  When  it  exceeds  a  certain  amount,  as  in 
le  case  of  continuous  rains  or  storms,  a  portion  will  pass  at  once 
ito  the  Thames;  and  according  to  Mr.  Bazalgette's  figures  it 
ppears  that  this  will  happen  when  the  volume  is  such  as,  if  con- 
nuous,  would  represent  something  over  200  tons  of  fluid  per 
ead  per  annum.  But,  so  far  as  information  at  present  at  com- 
land  enables  us  to  judge,  it  is  probable  that  the  amount,  inclu- 
ive  of  rainfall  and  subsoil  water,  that  will  be  available  for 
tilization,  will  be  somewhere  about  80,  and  will  pretty  certainly 
ot  exceed  100  tons  per  head  per  annum ;  that  is,  about  twice,  or 
ot  more  than  twice  and  a  half,  as  much  as  the  most  recently 
stimated  dry  weather  flow.  Of  course,  to  result  in  anything 
ike  such  averages,  the  dilution  would  sometimes  be  at  a  rate  very 
tiuch  greater  than  those  amounts  would  indicate.  But  it  may  be 
bserved,  by  way  of  illustration,  that  with  12^  lbs.  of  ammonia 
>er  head  per  annum,  and  an  average  of  80  tons  of  sewage,  it 
should  average  less  than  5  grams  of  ammonia  per  gallon,  and  only 
.•25d.  worth  of  constituents  in  1  ton;  or,  reckoning  an  average 
Illation  of  100  tons,  it  would  average  less  than  4  grains  of  am- 
Qonia  per  gallon,  and  only  Id.  of  value  of  constituents  in  1  ton. 
ii  like  manner,  reckoning  only  10  lbs.  of  ammonia  per  head  per 
knnum,  a  dilution  of  80  tons  would  show  less  than  4  grains,  and 
rf  100  tons  little  over  3  grains  of  ammonia  per  gallon,  and  an 
amount  of  constituents  in  1  ton  worth  only  Id.  and  0'8d.  respec- 
ively. 

In  comparison  with  the  figures  just  given,  it  may  be  stated  that 
K)th  Baron  Liebig,  and  Mr.  Thomas  Ellis  (one  of  the  appli- 
lants  for  the  concession  of  the  Metropolitan  sewage)  assume  its 
otal  amount  at  266,000,000  tons  per  annum,  which,  with 
1,000,000  population,  represents  nearly  90  tons  per  head  per 
omum ;  and  with  this  dilution,  the  former  estimates  the  sewage 
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to  contain  an  average  of  7"2,  and  the  latter  8*2  grains  of  ammoa 
per  gallon ;  the  latter,  as  already  stated,  applying  the  estimate 
Messrs.  Hofmann  and  Witt  for  the  dry  weather  sewage  to  t 
total  estimated  amount  of  available  sewage,  inclusive  of  rainfpi 
It  is  suflSciently  obvious  that,  however  variable,  the  dilutioiL 
the  constituents  in  town  sewage  is  at  any  rate  very  great,  m. 
that  in  any  scheme  for  the  utilization  of  sewage  large  quantit 
will  have  to  be  dealt  with.  It  will  be  useful,  therefore,  by  way 
illustration,  and  as  a  means  of  conveying  a  more  definite  idea  ( 
the  extent  of  this  dilution,  to  show  the  relation  of  a  given  amomi 
— say  1,000  tons — of  sewage  of  certain  assumed  dilutions,  botlit 
population,  and  to  some  well-known  portable  manure,  such  a 
Peruvian  guano.  This  is  done  in  Table  VI,  which  shows  th 
amount  of  guano  which  would  supply  as  much  nitrogen  reckone 
as  ammonia  as  1,000  tons  of  sewage  of  different  dilutions,  ali 
the  number  of  tons  of  sewage  which  would  be  equal  in  tli 
respect  to  1  ton  of  guano,  and  both  on  the  alternative  assum 
tions  of  12  J  lbs.,  and  10  lbs.,  of  ammonia  per  head  per  annum.  T] 
assumed  dilutions  are  40,  50,  and  60  tons  per  head  per  annui 
which  may  be  taken  to  cover  the  minimum  and  maximum  es 
mated  rates  of  flow  for  the  dry  weather  sewage  of  the  Metropol: 
80  and  100  tons,  which  may  be  taken  to  represent  the  range  for  t 
average  total  available  sewage,  inclusive  of  rainfall  and  subs 
water,  and  200  tons,  the  probable  frequent  dilution  in  wet  weath 

Table  VI. 

Relation  of  Sewage  to  Peruvian  Ouano  in  amount  of  Nitrogen  reckoned  a* 
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*Thus,  with  12^  lbs.  of  aninionia,  and  tlie  miiiinium  estimated 

<Wution  of  the  dry  weatlier  sewage  at  a  rate  of  40  tons  per  head 

per  annum,  1,000  tons  of  such  sewage  would  only  contain  nitrogen, 

reckoned  as  ammonia,  equal  to  that  in  a])out  KJJ  cwts.  of  Peruvian 

guj&ao,  or  to  that  in  only  13  cwts.  if  the  amount  of  ammonia  per 

lioad  per  annum  be  reckoned  at  only  10  lbs.      In  other  words,  in 

tlxcformercaseit  would  require  1,220  and  in  the  latter  1,525  tons 

of  sewage   to   supply    the   ammonia    (or   nitrogen  reckoned  as 

fi^Domonia)  of  1  ton  of  guano.      In  like  manner,  taking  80  tons  of 

s^^age  per  head  per  annum  as  a  minimum   estimate   for  the 

^^T'erage  sewage,  inclusive  of  rainfall,  with  12i  ll)s.  of  ammonia 

»T  head  per  annum,   1,000  tons  would  represent  the  nitrogen 

Sf^  cwts.,  and  with  10  lbs.,  Gi  cwts.,  of  Peruvian  guano ;   or 

^^ckonfaig  12i  lbs.  of  ammonia  per  head  per  annum,  1  ton  of 

^nivian  guano  would  represent  2,440  tons,  and  reckonmg  10  lbs., 

*t  Would  represent  3,050  tons. 

The  table  also  shows  that  reckonmg  Vli^  lbs.  of  ammonia  per 
-"©ad  per  annum,  the  sewage  of  an  average  hidividual  would 
^'^nnally  rei)resent  in  nitrogen  §  cwt.,  or  reckoning  only  10  lbs.  per 
^®*d  per  annum  only  I  cwt.,  Peruvian  guano,  per  head  per  annum. 


Cnqys  to  which  Scnntji'  is  most  appHcahh*, 

^  Biitherto,  on  grounds  shown  to  be  fully  justified,  we  have,  for 

^^plicity  of  illustration,  confined   attention  to  the  amount  of 

?^^it)gen  or  ammonia  in  sewage,  as  the  measure  or  indication  of 

***s    comix)sition,  and  of  the  theoretical  manurial  value  of  its 

^^1  solid  constituents.     It  is,  however,  obviously  of  interest  to 

^^^^aider  whether  or  not  the  mineral  or  incombustible  constituents 

\  Sewage  exist  in  it  in  suflScient  proportion  to  the  ammonia  or 

"^trogen,  for  the  requii-ements  of  the  croi)s  to  be  grown  ;  and, 

^^  the  phosphoric  acid  and  potassa  (the  one  or  the  other,  or 

^^th,  according  to  circumstances)  are,  perhaps,  the  mineral  con- 

.^^txients  most  likely  to  be  deficient  relatively  to  the  nitrogen, 

^^ir  proportion  to  the  latter  in  sewage,  and  in  various  crops,  may 

>^^PTopriately  be  referred  to  in  illustration  of  the  point.     Table 

^I  shows  the  proportion  of  phosphoric  acid  and  potassa  to  100 

^J^  nitrogen  in  sewage,  according  to  the  mean  of  ten  analyses  of 

^^  Bugby  sewage,  in  which  the  phosphoric  acid  and  the  potassa 

'well  as  the  ammonia  were  determined.     It  also  shows  what 
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may  be  taken  as  approximately  representing  the  average  propt- 
tion  of  i^hosphoric  acid  and  potassa  to  nitrogen  in  various  crc^ 

Table  Yil. 


Amount  of  Phosphoric  Acid  and  Potassa  to  100 Nitrogen^  in  Stowage  a^d  in  cvs/-/; 

crops. 


Rugby  Sewage 


Phosphorio  Acid. 


27 


In  Com, 
Roote^&clLeaves 


In  Straw, 
,ftc. 


In  Total 
Produce. 


EU>otB,&oLea 


Potaasa. 


42 


In  Com, 


In  Straw, 
.ves,  kc. 


In  Total 
Prodooe. 


Meadow-Hay 

Clover-Hay    

Wheat 

Barley 

Oats 

Beana  

Mangolds  

Swedes   

Common  Tamipa 
Potatoes 


48 
40 
28 
25 
17 
27 
28 
42 


42 
34 
37 
46 

•  •  • 

16 
18 


27* 

23 

46 

38 

30 

80 

•  •  • 

21 
26 


28 
34 
25 
32 

100 

82 

160 

123 


108 
126 
155 
123 

•  •• 

44 

71 


100 
53 
57 
60 
65 
50 

6S 
117 


It  is  obvious  that  since  the  phosphoric  acid  of  sewage  like  ^^ 
nitrogen,  will  bo  derived  almost  exclusively  from  excretal  matt^ 
and  food-refuse,  its  proportion  to  the  nitrogen  will,  within  eO^ 
paratively  narrow  limits,  be  tolerably  uniform ;  the  amount 
iX)tassa  on  the  other  hand,  will  vary  very  much  according 
locality,  and  be  considerably  greater  where  the  streets  or  ro^ 
are  constructed  of  potassic  minerals  than  elsewhere. 

The  table  shows  that,  according  to  the  analyses  referred  'i 
the  Rugby  sewage  contained  27  parts  of  phosphoric  acid  a.' 
42  parts  of  potassa,  for  100  of  nitrogen.  It  also  shows  t!t: 
on  the  average,  meadow  hay  contains  almost  exactly  the  sa:i 
proi^ortion  of  phosi)horic  acid  to  nitrogen  as  the  sewage,  but 
much  greater  proportion  of  potassa  than  the  latter. 

In  the  cereal  grains  tlie  proportion  of  phosphoric  acid 

*  According  to  Baron  Liebig's  estimates,  hay  oontainB  61  pftrtt  of  i^Ofplft!* 
acid  to  100  of  nitrogen ;  bat  having  collated  and  averaged  the  remilti  of  xmai^i 
independent  observers,  we  can  see  nothing  to  lead  to  the  adoption  of  moh  aflc^ 
whilst  diiect  determinations  in  a  number  of  samples  of  ea6h,ahowedintiieBV 
aewaged  grass  26,  and  in  the  onaewaged  32  parts. 
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m.  is,  on  the  other  hand,  higher  than  in  the  sewage; 
in  most  of  the  other  crops  enumerated  it  is  much  about 
jne.  Of  potassa,  the  proportion  is  lower  in  the  cereal 
(the  only  part  of  the  crop  which  is,  as  a  rule,  sold  oflF 
id)  than  in  the  sewage,  though  in  the  other  crops  it  is 
lly  higher. 

there  are  various  circumstances,  the  adequate  discussion 
eh  would  occupy  more  space  than  it  would  be  appropriate 
Dte  to  their  consideration  here,  which  render  it  quite  in- 
ible  to  draw  direct  practical  conclusions  as  to  the  appUca- 
)f  sewage  to  different  crops  from  what  may  appear,  at  first 
;he  obvious  indications  of  the  figures  in  the  table.  Never- 
,  a  careful  consideration  of  the  subject  leads  to  the  conclu- 
at,  if  sewage  alone  were  applied  constantly  to  meadow  land, 
%  would  be  more  likely  to  become  deficient  than  phosphoric 
mt  that,  if  it  were  applied  to  the  ordinary  crops  of  rotation, 
loric  acid  would  be  more  likely  to  become  deficient  than 
I.  Still,  granting  it  to  be  clearly  shown  that  with  this  or 
ascription  of  soil  or  management,  town-sewage  was,  in  pro- 
i  to  its  nitrogen,  deficient  in  this  or  that  constituent  for  the 
tion  of  this  or  that  crop,  or  crops  generally,  it  would  by  no 
follow  that  it  was  an  inappropriate  manure  on  that  account ; 
y  defect  in  composition,  whether  in  regard  to  phosphoric 
otassa,  or  any  other  constituent,  could  be  easily  compen- 
rom  other  sources. 

sed,  independently  of  what  we  know  of  the  sources  of  the 
uents  of  sewage,  and  can  judge  therefrom  of  their  appro- 
less  as  manure  for  different  crops,  there  is  nothing  in  the 
of  the  analysis  of  the  solid  matter  of  sewage,  from  which 
)uld  be  justified  in  concluding  that  it  is  not  applicable  as 
e  to  crops  generally.  On  the  contrary,  a  dry  and  portable 
e,  having  the  composition  of  the  solid  matter  of  town- 
),  would  undoubtedly  be  generally  applicable  both  to  corn 
her  rotation  crops,  and  to  grass ;  and  its  constituents  could 
airly  be  valued  by  the  same  scale  as  other  concentrated 
es  in  the  market. 

the  great  dilution  of  town  sewage,  its  large  daily  supply  at 
sons,  and  its  greater  amount  in  wet  weather  when  the  land 
ist  bear,  or  least  requires,  more  water,  render  it  extremely 
t)priate  for  apphcation  on  a  comprehensive  scale  to  arable 
for  the  growth  of  corn  and  other  ordinary  rotation  crops. 
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But,  apart  from  these  difficulties,  if  sewage  can  only  be  distrib 
in  small  quantities  over  large  areas,  at  such  a  cost  to  the  farina 
has  yet  been  proposed,  it  is  indeed  vain  to  hope  that  any  1 
proportion  of  the  manurial  constituents,  derived  from  the 
sumption  of  human  food  in  our  towns,  can  be  redistributed  < 
the  area  from  which  they  (;ame ;  for  such  is  the  limit  set 
climate  to  the  amount  of  manure  and  of  water  applicable  for  ci 
that  have  to  ripen  their  seed,  that,  for  corn  more  especially,  c 
comparatively  small  quantities  per  acre  could  be  employed, 
hence,  were  sewage  systematically  applied  for  their  groxN-tli, 
area  of  utilizaticm  must  necessarily  be  very  large.  On  this  p* 
it  may  be  stated  that  Mr.  Kawlinson,  one  of  the  mem])ers  of 
Royal  Sewage  Commission,  has  given  it  as  his  opinion  thai 
would  cost  more  to  distribute  500  tons  of  sewage  per  acre, 
means  of  pipes,  hydrants,  and  hose  and  jet,  as  would  be  requii 
in  the  case  of  application  to  arable  land  and  crops  generally,  tl 
to  apply  5,000  tons  per  acre  by  means  of  open  runs,  as  in  the  e 
of  its  application  to  grass. 

From  these  considerations  it  will  be  obvious,  that  that  wl 
may  be  called  the  tlieoretical  value  of  sewage,  reckoned  accort 
to  the  constituents  it  contains,  is  not  necessarily  its  pra^*tica 
available  value  when  used  in  its  highly  diluted  condition.  It 
be  also  obvious,  that  in  that  condition  it  is  the  most  appropr 
for  grass,  for  which  it  can  be  employed  at  all  seasons,  and  hi  c 
paratively  large  quantities  on  a  limited  area,  and  that  it  is 
least  appropriate  for  crops  which  have  to  ripen.  The  ques 
arises — what  is  the  practical  or  realizable  value  of  the  constitu 
of  sewage  when  they  are  utilized  in  the  condition  of  dilutio 
which  they  exist  in  that  fluid  ?  This  i)oint  will  be  illustratei 
reference,  both  to  the  results  of  direct  exi)eriments,  and  to 
experience  of  practical  men  who  have  utilized  sewage  with  a 
to  profit. 

Results  of  direct  Experiment  on  the  Utilization  of  Sewage, 

At  liugby  two  fields  of  meadow  land  were  experimented  uj 
in  each  one  plot  was  left  without  sewage,  one  received  sewag 
the  rate  of  8,000  tons,  one  at  the  rate  of  6,000  tons,  and  oi 
the  rate  of  9,000  tons,  per  acre  per  annum.  The  experim 
^ere  so  conducted  through  three  consecutive  seasons. 
Table  YIII  summarizes  the  results  obtained. 
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Table  VIII. 


Hi  of  Sewage  applied^  and  of  Oret^n  Orast  obtained^  per  acre  per  annum^  in 

Experimenti  made  at  Ruffby, 

Sea^oM  1861,  1862,  and  1863. 


ns. 


Plotl. 
UnBewaged. 


Plot  2. 

3,000  Tona 

Sewage. 


Plot  3. 

6,000  Tons 

Sewage. 


Plot  4. 

9,000  Tons 

Sewage. 


Grass  obtained. 
Five-Acre    Field. 


1 

2 

Ton8.cwt8.qrB.lbB. 
9        :>    3      5 
8         3     1     10 
4       18     3     13 

TonB.cwt8.qr8.lb8. 
14       16     3       8 
27       18     0     18 
22         r,     0     11 

Tons.  cwtB.qr8.  lbs. 
27         1     0     10 
34       10    0     19 
34       18     1     27 

Tod  B.cwt8.  qrs.  lbs. 
32       16     3       8 
32        9     2     22 
37         0     2      5 

7         9     19 

21        13     1      12 

32        3     10 

34         2     1     12 

Ten-Acre  Field. 


I 
J 

\ 

8 
16 

8 

18     0     15 

10     0     2.> 

0     3     19 

15 
27 
25 

16     3 

11     0 

5     1 

2 

20 

8 

22 
32 
30 

15     2     12 

2     1      14 

11     2     12 

26 
31 
34 

13     3     12 
12     1     20 
19     1     21 

11 

3     0     10 

•>•> 

*■  Atf 

17     3 

1 

28 

9     3     13 

31 

1     3     18 

Averages  : — the  three  years  and  both  Fields. 


ind3 


30         6     2       6 


32       12     0     15 


e  iive-acre  field  was  much  flatter  than  the  other ;  its  soil  and 
>il  were  much  more  porous;  the  mechanical  and  chemical 
ination  of  samples,  taken  to  the  depth  of  9  inches,  showed 
il  to  be  much  more  stony,  to  retain  much  less  water  under 

external  conditions,  to  contain  much  less  organic  matter, 
I  less  nitrogen,  much  less  clay,  and  much  more  sand,  than  that 
le  ten-acre  field.  It  was,  in  fact,  considerably  inferior  in 
ral  quality,  and  yielded,  accordingly,  considerably  less  produce 
)ut  manure.     Notwithstanding  this,  it  will  be  seen  that  it 

upon  the  whole  more  total  produce  per  acre  under  the 
3nce  of  sewage  than  did  the  naturally  better  soil  of  the  ten- 
field  ;  and,  it  will  be  shovn  further  on,  that  the  sewage  was 
3  case  both  more  completely  utilized  and  more  completely 
led. 
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It  would  be  inappropriate  to  discuss  in  detail  here  the  influeiv.  ^ 
of  season  and  other  circiunstances  upon  the  produce  of  the  diflfer^^  ;j 
years  or  the  respective  plots.     It  will  be  sufficient  to  call  attenti  ^^^ 
to  the  fijeneral  character  of  the  results,  and  to  the  practical  c^i>j,. 
elusions  to  which  they  seem  to  lead.     By  the  application  of  sew  ^^ge 
a  supply  of  green  food  was  obtained  much  earlier  and  much  letter 
in  the  season,  and  the  total  quantity  per  acre  was  increased  several 
fold.      There  was,  generally,  though  not  invariably,  the  more 
produce  the  greater  the  amount  of  sewage  applied,  the  exceptions 
being  in  the  wet  and  cold  season  of  1862.     In  the  other  season  £5, 
and  in  both  fields,  there  was  an  increase  of  produce  with  eac-t 
increase  in  the  amount  of  sewage  applied  ;  and  the  largest  amonn  '•^  * 
of  produce  obtained  at  all  were,  in  both  fields,  in  the  third  seasc^  ^^ 
of  application,  and  on  the  plots  which  had  received  the  large^^ 
amounts  of  sewage.      Still,  it  is  im^wrtant  to  remark,  that  i]""^^ 
amounts  of  increase  of  produce  for  a  given  amount  of  sewa^?--^. 
applied  were  the  less  where  the  larger  quantities  were  employee::^ 
Experience  abundantly  shows,  indeed,  that  if  the  only  object  wei^ 
to  get  the  largest  possible  amounts  of  produce  per  acre,  as  much 
30,000,  40,000,  or  even  50,000  tons  of  sewage  might  frequently 
applied  per  acre  with  advantage  ;  but  under  such  conditions  th  ^ 
sewage  would  be  very  inadequately  both  utiUzed  and  purified,  an^  ^ 
a  mmimum  amount  of  increase  would  be  obtained  for  a  givei^ ' 
amount  of  sewage  applied. 

Looking,  however,  l)otli  to  urban  and  to  rural  interests,  and  im  - 
purification  as  well  as  utilization,  much  more  moderate  application  ^ 
than  such  as  are  required  to  peld  the  greatest  amount  of  produce  <- 
per  acre,  must  be  had  recourse  to.  By  way  of  practical  suggestion: -* 
on  this  pomt  it  may  be  stated  that,  on  consideration  of  the  circumC^ 
stances  under  which  the  amounts  of  produce  recorded  in  tl 
Table  were  obtained,  it  is  concluded  that  with  an  application 
about  5,000  tons  of  average  sewage  i>er  acre  per  annum,  appli( 
as  it  must  be,  pretty  evenly  throughout  the  year,  there  might 
expected,  taking  the  average  of  soils  and  seasons,  an  average 
about  30  tons  of  grass.  Assuming  such  a  produce,  and  alloi 
£A  per  acre  for  rent  or  natural  yield,  the  grass  would  if  sold 
10s.  per  ton,  give  a  gross  return  of  0"53d.  per  ton  of  sewi 
employed,  if  for  12s.  Od.  per  ton  0'7d.,  and  if  for  15s.  per  t 
0*9d.  From  these  amounts  there  would,  of  coarse,  have  to 
deducted  the  cost  of  main  distribution  and  application  of 
sewage,  other  expenses  of  the  crop,  and  the  farmer's  profit,  beCVuie 
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Sflything  was  available  as  payment  to  the  town  for  the  manurial 
blatters. 

IxL  comparison  with  the  result  here  assumed  it  may  be  observed 
fj^tin  the  neighbourhood  of  Croydon,  where  about  250  acres  are 
letdown  for  sewage  irrigation,  and  where  there  are  probably  more 
i^n  6,000  tons  of  sewage  annually  available  for  each  acre,  from 
^  to  30  tons  of  meadow  grass,  selling  for  from  £20  to  ^25,  are 
^t^ained  per  acre  per  annum ;  and  after  deducting  as  before  dt4 
■r  rent,  the  gross  return  per  ton  of  sewage  employed  is  from  0'6d. 

C'8d.  With  a  somewhat  similar  application  to  Italian  rye-grass, 
^  to  35  tons,  selling  for  from  4*25  to  £30  are  obtained,  yielding, 
ter  deduction  for  rent  or  natural  produce,  from  0'8d.  to  Id.  per 
X3  of  sewage  employed.  It  will  be  observed  that  in  these  cases  the 
lling  price  of  the  grass  is  16s.  or  17s.  per  ton ;  but  it  is  obvious 
LCit  if  sewage  were  extensively  employed  for  the  production  of 
'»8s,  its  present  price  could  not  be  maintained. 

A  marked  eflfect  of  liberal  sewage  irrigation  (indeed  of  active 
.anures  generally),  on  the  mixed  herbage  of  grass  land,  is  greatly 
>  develope  the  Graminaceous  plants,  nearly  to  exclude  the  Legu- 
iinouB,  and  to  reduce  the  prevalence  of  miscellaneous  or  weedy 
lants,  but  much  to  encom'age  individual  species.  Among  the 
fasses,  according  to  locaUty  or  other  circumstances,  the  rough 
^«adow  grass  (Poa  tnvialis),  couch  grass  {Triticum  re2)ens), 
c^ngh  cock's  foot  {Dactylis  glome  rata),  woolly  soft  grass  (Holctis 
*'wfM«),  and  perennial  rye-grass  (Lolium  perenne),  have  been 
observed  to  become  very  prominent ;  two  or  three  only  remaining 
"^  any  considerable  proportion  after  some  years  of  liberal  sewage 
^'Implication.  But  sewaged  produce  being  generally  cut  or  grazed 
^mparatively  young,  the  tendency  which  the  great  luxuriance  of  a 
®^  very  free-growing  grasses  has  to  give  a  coarse  and  stemmy  later 
^<>Wth  is  not  an  objection,  as  in  the  case  of  meadows  left  for  hay. 

The  chemical  examination  of  the  grass  grown  at  Rugby  showed 
*^*t,  at  the  stage  of  growth  at  which  it  was  cut,  the  sewaged  grass 
^^tained  a  less  proportion  of  dry  or  solid  substance  than  the 
^Sewaged ;  that  the  grass  cut  during  the  later  portions  of  the 
^^8on  (both  unsewaged  and  sewaged)  contained  less  solid  matter 
'^^n  that  cut  during  the  more  genial  periods  of  growth  ;  that  the 
^portion  of  nitrogenous  substance  (and  also  of  impure  fatty  or 
"^^Xy  matter)  was  much  greater  in  the  solid  matter  of  the 
^aged  than  in  that  of  the  unsewaged  grass ;  that  the  propor- 
'^^i  of  nitrogenous  substance  was  also  much  higher    in  the 
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Bolid  matter  of  the  pras?  f^rovm  towards  the  end  than  earlier  in  the 
bea6C>n  :  that  the  pro]»ortion  of  indigestible  woody-fibre  was  much 
about  the  wurie  in  the  drr  substance  of  the  nnsewaged  and  of  the 
Hewajred  ^asr-.  but  profn^esavelT  diminished  as  the  season  advanced; 
and.  la-tly.  tliat  a  jriven  amount  of  the  dry  substance  of  grass 
frrown  in  a  c^  Jd  and  wet  season,  or  during  the  eold  and  wet  periods 
of  the  year,  jienerally  ec»nt.ained  more  nitrogenous  substance  than 
that  of  trras?-  ;^rf^^vTl  in  more  genial  weather. 

It  will  Ije  seen  jiresentlv,  that,  with  these  diflferences  in  botanical 
and  cljemical  chara<:ter  T>etween  the  unsewaged  and  the  sewaged 
grasH,  when  uMrd  as  frxnl.  a  given  quantity  of  the  fresh  unsewaged 
grasH  waf-  more  jiroduetive  of  teth  meat  and  milk  than  an  equal 
weight  of  the  fre.sh  sewaged  grass;  but  that  a  given  weight  of  the 
dry  or  Kjlid  substance  of  the  sewaged  grass  was  more  productive 
than  an  equal  weight  of  that  of  the  unsewaged.  Further,  the 
less  nitJogen«»us  grass  of  the  more  genial  periods  of  the  season 
was  more  productive  than  the  more  highly  nitrogenous  produce  of 
the  less  genial  jKn-ioils. 

Kxi>erinients  were  made  at  Kugby  with  Italian  rj'e-grass  as 
well  as  meadow-grass,  but  the  results  were  not  sufficiently  dis- 
tinct in  tlieir  (character  from  those  above  described  to  render  it 
of  nnicli  interest  to  consider  them  in  this  place. 

'I'lie  next  iKjints  to  consider  are — the  comparative  food-qualities 
of  iiiisewaged  and  sewaged  grass,  and  the  best  or  most  profitable 
modci  of  utilizing  sewage-irrigated  grass. 

Wlien  in  tlw.  experiments  at  Rugby  the  grass  was  cut  green, 
and  given  to  fattciuing  oxen  tied  up  under  cover,  more  of  the 
Hewag(j(l  than  of  tlu^  unsewaged,  reckoned  in  the  fresh  or  green 
Htato,  was  both  consumed  by  a  given  weight  of  animal  within  a 
givciii  time,  and  recpiired  to  produce  a  given  weight  of  increase: 
hut  of  real  di'y  or  solid  substance,  less  of  that  of  the  sewaged 
than  of  the  unsewaged  grass  was  required  to  produce  a  given 
effect.  When  the  grass  was  given  alone  the  result  was  very 
MUHatisfactory,  but  when  oilcake  was  given  in  addition,  the  amount 
of  increase  ui)on  a  given  weight  of  animal  within  a  given  time, 
and  for  a  given  amount  of  dry  substance  of  food  consumed,  was 
not  far  short  of  the  average  result  obtained  when  oxen  are  fed 
under  cover  on  a  goml  mixed  diet.  Still,  the  pecuniary  result 
with  the  oxen,  whether  reckoned  per  acre  or  for  a  given  amount 
of  sewage,  was  by  no  means  satisfactory. 
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It  should  here  be  mentioned  that,  at  Croydon,  although  the 
l&nd  there  was  more  liberally  irrigated  than  at  Eugby,  much 
more  satisfactory  results  have  been  obtained  with  fattening  stock 
fed  on  the  land.  The  practice  there  is,  to  irrigate  for  three  or 
four  days  and  nights  together,  to  repeat  the  treatment  two  or 
three  times  for  each  crop,  and,  when  the  grass  has  got  a  sufficient 
head,  to  stop  the  application  and  turn  the  stock  upon  the  land, 
'where  they  remain  until  the  grass  is  closely  eaten  down.  They 
are  then  removed,  the  land  is  re-irrigated,  and  so  on. 

Very  much  better  results  were  obtained  at  Kugby  when  the 
Harass  was  given  to  milking  cows.  Referring  to  the  Deport  of  the 
Sewage  Commission  for  all  further  details,  the  summary  of  the 
i^esults  with  cows  given  in  Table  IX.  will  suffice  for  consideration 
liere. 

It  may  be  stated  generally,  that  when  the  cows  were  fed  on 
19^88  alone,  as  much  as  they  chose  to  eat,  a  given  weight  of  the 
*i^iinal  was  more  productive,  both  of  milk  and  increase,  but  espe- 
^^Uy  of  milk,  on  the  unsewaged  than  on  the  sewaged  grass. 
^ore  milk  was  also  produced  from  a  given  weight  of  the  un- 
^waged  grass,  reckoned  in  the  fresh  or  green  state,  than  from  an 
^xial  weight  of  the  fresh  sewaged  grass.     Of  dry  or  solid  sub- 
stance, however,  a  given  weight  of  that  of  the  sewaged  gi-ass 
Produced,  on  the  average,  more  milk  than  an  equal  weight  of  that 
^f  the  unsewaged. 

The  milk  from  the  cows  fed  on  the  sewaged  grass  was,  upon  the 
^hole,  slightly  the  less  rich,  containing  generally  somewhat  less 
**8ein,  butter,  sugar,  and  total  solid  matter  (though  more  mineral 
^tter)  than  that  from  the  unsewaged ;  but  when  oilcake  was 
&ven  with  the  grass,  whether  sewaged  or  unsewaged,  the  richness 
^*  the  milk  was  notably  increased. 

The  productive  quality  of  the  grass  was  very  different  in  dif- 
'^font  seasons,  and  at  diflFerent  periods  of  the  same  season,  being 
^^ry  inferior  in  the  wet  and  cold  season  of  1862,  and  towards  the 
^lo8e  as  compared  with  the  earlier  periods  of  the  seasons. 

Without  commenting  further  on  the  diflFerence  of  result  ob- 
*^Ji^  under  different  conditions  of  season,  or  under  other  varying 
^u^umstances,  it  will  be  sufficient  briefly  to  call  attention  to  the 
^fe  general  results  which  the  records  in  the  table  bring  promi- 
^tly  to  view,  and  to  the  practical  conclusion  which,  on  a  careful 
^sideration  of  all  the  cii-cumstances  and  details,  may  seem  to  be 
^%  deducible  from  them. 
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Table  IX. 

BenUts  obtained  at  Rugby^  frith  Cows  fed  an  Un»etcaged  and  Stteaged  Grau^ 

1861,  1862,  and  1863. 


Plot  1 . 
IJnsGwaged 


Plot  2. 

3,(X)0  Tons 

Sewage. 


Plot  3. 

6,000  Tons 

Sewage. 


Plot  4. 
9,0<H>  Toi 
Sewage. 


Time  each  acre  (with  oilcake,  if  any)  would  keep  1  oow  : — 


1861— Grass  (alone)  

1862 — Grass  (with  oilcake) 

Weeks. 
19 
42 

22 

Weeks. 
41 
63 

48 

Weeks. 
:>9 

73 

67 

Weeks. 
69 
72 

iQAo      (  Grass  (i  without,  \  with  j 
*^®^"~)      oilcake).... | 

73 

Means... 

28 

r>i 

m 

71 

Milk  from  the  Produce  of  each 

acre  (exclusive  of  oilcake,*  if  anr) : — 

1361 — Grass  Talone') 

Gallons. 
321 
613 

414 

Gallons. 
571 
835 

876 

Gallons. 
820 
973 

1207 

Gallons. 
9(»I 

1862— Grass  (with  oilcake) 

iQ«o      (  Grass  (\  without,  i  with  | 
1853— j     oilcake) f 

958 
1327 

Means... 

449 

761 

1000 

1U82 

Value  of  milk  from  the  produce  of  each  acre  (ex.  of  oilcake,*  if  any),  at  8(1.  per  gUM 


1861— Grass  (alone) 

1862 — Grass  (with  oilcake) 

Iggg I  Grass  (^  without,  \  with  \ 


oilcake) 


Means... 


&    X.  d. 

10  14  3 

20    8  10 

13  16  0 


14  19    8 


£  *.  d. 

19  0  6 

27  16  10 

29  3  9 


25     7     0 


a  M.  d. 

27  6  11 

32  8  11 

40  4  7 


33     6  10 


£     jr.   s 

32    (»  1 
31  18  I 

44     4 


36     1 


Increased  produce  of  milk  per  1,000  tons  sewage  applied  (ex.  of  oilcake,*  if  any)  - 


1861 — Grass  Calone) 

Gallons. 

180 
74 

154 

Gallons. 

178 
60 

132 

Gallon:- 
151 

1862— Grass  (with  oilcake) 

1863      ^  ^rass  (^  without.  \  with  ) 
i     oilcake) ] 

38 
101 

Means... 

136 

123 

97 

Increased  value  of  milk  (at  8</.  per  gall.)  per  1,000  tons  sewage  applied  (ex.ol 

oilcake.*  if  any)  : — 


1861 — Grass  (alone) 

£    M.   d, 
5  19  10 
2    9    4 

5     2    7 

£     «.   d, 

Ti  18     8 
2    0    0 

4     8     1 

£     «. 

5    0  ' 

1862— Grass  (with  oilcake) 

1     5 

•»«»-r^;[ieT*'"!':.!.:!*^| 

3     7 

Means... 

4  10    7 

4     2    3 

3    4 

*  The  xcdite  of  the  milk,  **  exclusive  of  oilcake,"  is  reckoned  by  dednofeuig      i 
cost  of  the  cake  consumed,  less  the  estimated  vahieof  the  mamm  it  yieUi^f^raaB  <i 
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It  is  seen  that  whether  we  reckoii  the  total  amount  of  food 
yielded  per  acre,  or  the  amount,  or  the  value,  of  the  milk  ob- 
^Mied  from  the  consumption  of  the  produce  of  each  acre,  there 
^as  a  very  great  increase,  varying  from  two  to  three-fold,  ac- 
cording to  season,  by  the  use  of  sewage.     The  land  upon  which 
these  experiments  were  made  was  good  feeding  pasture,  of  pro- 
bably more  than  average  quality,  and  the  natural  yield,  without 
sewage,  was,  therefore,  correspondingly  high.     Taking  into  con- 
sideration this  fact,  and  other  circumstances  under  which  the 
'wults  were  obtained,  it  is  concluded  that,  if  not  larger  amounts 
of  total  produce  per  acre,  at  any  rate  larger  amounts  of  increase 
for  a  given  quantity  of  sewage  may  be  expected  when  it  is  applied 
systematically  over  large  tracts  of  land,  with  a  view  to  the  pro- 
^Joction  of  grass  and  milk. 

It  is  estimated  that  with  5,000  tons  of  sewage  per  acre  per 
^'^Um,  judiciously  applied  to  Italian  rye-gi'ass  or  meadow-land 
properly  laid  down  to  receive  it,  an  average  (/ross  produce  of  not 
'^^  and  perhaps  more,  than  1,000  gallons  of  milk  per  acre  per 
*^Um  might  be  anticipated  ;  and  it  may  be  observed  that  1,000 
8*lloii8  of  milk  at  8d.  per  gallon  would  represent  a  (jrons  money 
return  of  £33  Gs.  8d. 

Putting  the  result  in  another  way  it  may  be  stated  that  it 
'H'lired,  according  to  circumstances,  the  consumption  of  between 
^  and  6  tons  of  grass  for  the  production  of  1  ton  of  milk  ;  and  if 
^  reckon  6  parts  of  grass  for  1  of  milk,  and  30  tons  of  grass  per 
^^e,  this  would  give  a  (fross  return  in  value  of  milk  at  8d.  per 
^Uon  of  something  over  £37  per  acre,  or  of  about  25s.  per  ton, 
®'  grass  consumed. 

^  Still  another  illustration  of  the  important  bearing  of  the  ques- 
JjJ^n  of  the  utilization  of  the  sewage  of  our  town  populations  upon 
*ue  re-production  of  food  may  be  given.  Supposing  the  whole  of 
J*^e  sewage  of  a  given  population  (which,  however,  would  seldom 
^  the  case)  were  applied  exclusively  for  the  growth  of  grass  for 
**^«  production  of  milk,  the  result  would  be  an  increased  yield  of 
^bout  2i  pints  of  milk  i^er  week,  or  about  h  lb.  per  day,  per  head 
^*  such  population.  So  far  as  the  sewage  were  so  applied,  a  por- 
*^onof  the  milk  produced  would,  of  course,  be  represented,  in  con- 

^ll'"*  value  inolnsive  of  oilcake  ;  and  the  amount  of  milk,"  exclusive  of  oil-cake," 
^  Quoting  from  the  gross  amount  of  milk  with  oilcake  at  the  rate  of  one  gallon 
*•  e?ery  %d.  ot  deducted  value.  Such  estimates  are,  however,  obviously  only 
'^('oximations  to  the  truth. 
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Bumption,  by  its  equivalent  in  butter  and  cheese.  A  portion  of  the 
grass  would,  however,  be  used  directly  for  the  production  of  meat ; 
and,  in  addition  to  the  milk  and  meat  produced  by  the  consump- 
tion of  the  grass,  a  large  amount  of  solid  manure  would  be  obtained, 
which  would  be  applicable  to  arable  land  for  the  growth  of  corn 
and  other  rotation  crops. 

It  would  appear,  then,  that  if  town  sewage  were  to  a  great 
extent  utilized  by  the  application  of  something  like  5,000  tons  per 
acre  per  annum  to  Italian  rye-grass  and  meadow-land,  a  direct 
result  would  be  a  very  greatly  increased  production  of  important 
articles  of  human  food  which  are  at  present  both  scarce  and  dear. 
But  the  question  remains — would  the  sewage,  by  such  an  applica- 
tion, be  sufficiently  purified  to  allow  of  the  drainage  from  the 
irrigated  land  being  turned  into  rivers  which  are  to  be  used  as  a 
water-supply  for  other  towns  ?  Some  light  will  be  thrown  on  this 
subject  by  the  results  next  to  be  considered. 

In  order  to  determine  how  far,  in  the  experiments  at  Rugby, 
the  sewage  was  deprived  of  its  manurial  or  putrescible  constituents 
in  its  passage  over  and  through  tlie  land,  samples  of  the  drainage 
water  were  collected  for  analysis  in  each  field,  simultaneously 
with  those  of  the  sewage,  commencing  in  May,  1862,  and  ending 
in  October,  1863.  In  all  62  partial  analyses  of  drainage-water, 
corresponding  in  detail  with  those  of  the  sewage,  were  made.  A 
few  other  analyses,  in  much  more  detail,  were  made  of  the 
sewage  and  drainage  of  the  season  of  1864.  The  results  of  the 
large  number  of  partial  analyses  are  summarized  in  Table  X, 
which  shows,  in  parallel  columns,  the  average  composition  of 
corresponding  samples  of  sewage  and  drainage. 
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Table  X. 


OompotUion  of  the  Rughy  S^tcage  he/ore  applicathn.^  atidofthe  Drainage-wot &r 
from  the  Irrigated  Land,  ift  the  Seasons  1862  and  1863. 

Grains  per  Qallon. 


Gonstttuenu. 


FlTe-Acrc  Field. 


Sewage. 


Drainage. 


Ten-Acre  Field. 


Sewage. 


Drainage. 


The  two  Fields. 


Sewage. 


Drainage. 


Season  1862 ;  May— October,  both  inclusive. 


/  Inorganic 

11  Samples. 
26-67 
14*69 

8  Samples. 

1*81 

1-40 

11  Samples. 
24-89 
17-14 

11  Samples. 
3-74 
1-39 

22  Samples. 
25-28 
15-92 

19  Samples. 
2-92 
1-38 

t     Total.. 
/Inorganic 

(    Total  .. 

Total  inorganic. 
Total  organic   .. 

40-36 

34-49 

7-83 

3-21 

34-50 
718 

42-03 

32*38 

7-60 

5-13 

37-10 

7-83 

41-20 

33-44 
7-71 

4-31 

36*01 
7*56 

42-32 

60*16 
22*52 

41-68 

36-31 
8-58 

39-98 

57-27 
24-74 

44-93 

40-84 
9-22 

41- 15 

68*72 
23-63 

43*67 

38*  9S 
8*96 

Total  solid  matter  . . 

82*68 

44-89 

82-01 

60-06 

82-35 

47*88 

/  In  suspension 
Ammonia  ]^°*»^""°"- • 

1*37 
4*13 

0-24 
0-80 

1-52 
4-26 

0-33 
1-85 

1-44 
4-20 

0-39 
1*41 

I         Total  .. 

5*50 

1-04 

5-7H 

218 

5-64 

1*70 

Season  1863;  November,  1862™Octobcr,  1863,  both  inclusive 


^'Inorganic 
lo»Mpenaion|<^'K^»<'  • 


Total  .. 


/Inorganic 

Iii-oIatioii..|^'-fif»°*«- 

(    Total  .. 

Total  inorganic 
Total  organic    . . 

Total  solid  matter  . . 


nn  suspension 
Ammonia  I  ^"«'»"^'<>°" 


Total  .. 


23  Samples. 
39*41 
27-36 


66-76 

39*57 
8*35 


47*92 

78-98 
35-70 


114-68 


2*08 
5-83 


7-91 


21  Samples. 
2-14 
1-41 


3-56 

33-55 
7-46 


46U1 

40-G9 
8-87 


49-56 


0-15 
0-69 


(►-84 


22  Samples. 
34-93 
25-99 


6092 

38-77 
8-30 


47-07 

73-70 
34-29 


107-99 


1-98 
5-69 


7-67 


22  Samples. 
3-93 
3-29 


41-36 
7*98 


49*33 

46-28 
11*27 


56*56 


0-31 
1-86 


2-16 


45  Samples. 
37-22 
26*69 


63-91 

39-18 
8-32 


47-50 

76*40 
35-01 


111-41 


2-08 
6-76 


779 


43  Samples. 
3*06 
a*8T 


5-4S 

39*«8 
7*73 


47-71 

43*04 
10*10 


63*14 


0*33 
1*18 


1*61 


It  is  seen  that  of  matter  in  suspension  in  the  sewage,  nearly 
the  whole,  both  inorganic  or  organic,  was  retained  by  the  soil ; 
and  probably  a  considerable  part  of  the  little  which  the  drainage- 
water  contained  was  derived  from  the  soil  itself. 

Of  matter  in  solution,  on   the  other  hand,  a  gallon  of  the 
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drainage-water  contained,  on  the  average,  much  about  the  same 
amount,  both  inorganic  and  organic,  as  a  gallon  of  the  sewage; 
though,  doubtless,  a  considerable  portion  of  the  soluble  matters  in 
the  drainage  had  their  immediate  source  in  the  soil — the  sewage 
giving  up  valuable  manurial  matters  to  the  soil,  and  the  fluid  in 
its  turn  taking  up  substances  from  it. 

It  is  important  to  remark  that  the  drainage  from  the  more 
porous  and  less  naturally  fertile  soil  of  the  five-acre  field  (which, 
however,  gave  the  largest  amoimt  of  incred.^  for  a  given  amount 
of  sewage),  contained  less  of  almost  every  constituent,  or  class 
of  constituents,  enumerated,  than  did  that  from  the  more  argil- 
laceous and  more  naturally  fertile  soil  of  the  more  steeply  sloping 
ten-acre  field.  Tlie  result  is  particularly  marked  in  the  case  of  the 
ammonia.  The  fact  here  indicated  is  of  considerable  practical,  as 
well  as  scientific,  interest ;  and  it  is  perfectly  consistent  with  the 
results  of  common  experience,  which  tend  to  show  that  a  soil 
which  may  contain  a  comparatively  small  proportion  of  clay,  but 
which  is  thoroughly  i)orous,  is,  as  a  rule,  much  better  adapted  for 
sewage  irrigation,  both  as  regards  the  utilization  and  the  purifica- 
tion of  the  sewage,  than  one  which,  though  richer  in  clay  and  of 
higher  natural  quality,  is  but  imperfectly  permeable  by  the  fluid. 

The  results  given  in  Table  XI  show  in  more  detail  the  changes 
in  the  composition  of  the  fluid  in  its  passage  through  the  soil. 
They  relate  to  samples  of  sewage  and  drainage  taken  in  another 
field  at  Rugby,  during  very  dry  weather,  in  the  summer  of  1864. 
The  plan  of  collection  was,  to  take  of  sewage  about  a  gallon,  and 
of  di'ainage  about  half  a  gallon,  eight  or  ten  times  during  the  ten 
or  twelve  working  hours  of  the  day  ;  at  the  end  of  the  day,  after 
well  shaking,  to  take  a  gallon  from  each  mixturp  ;  and  to  repeat 
this  for  six  consecutive  days,  mitil  six  gallor^s  of  each  were 
obtained,  when  after  well  shaking,  a  two-gallon  sample  of  each 
was  bottled  off  for  the  purposes  of  analysis. 
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Table  XI. 

J^eimiied  G^mposition  of  samples  of  the  Rnghy  Sewage  before  application^  and  of 
the  Drainagc'trater  from  the  irrigattd  lani^  collected  Jnhj^  18G4. 


Ck>D8titiionts. 


Grains  per  Gallon. 


Collected 
July  6— 11. 


Collected 
July  13—18. 


"  Inorganic  matter : — 

Oxide  of  iron  and  alumina 

Lime   , 

Magnesia   

Carbonic  acid    , 

Phoephoric  acid    , 

Silica,  sand «  &c 


Sewage. 
4r>7 
4-48 
0-65 
3-2r) 
1-84 
31-60 


Total 
Organic  matter... 


I 

8 

a, 


Total  matter  in  suspension... 

Inorganic  matter : — 

Oxide  of  iron,  &c 

Lime   

Magnesia   

8oda(l) 

Chloride  of  sodium  (1)  

Chloride  of  Potassium  (1) 

Sulphuric  acid 

Phoephoric  acid    

Carbonic  acid 

Silica  


Total 
Organic  matter... 


Total  matter  in  solution. 

Total  inorganic  matter 

Total  organic  matter  (2)  ... 


Total  solid  matter. 


rPotassa .. 

(1>  Containing  I  Soda  

(chlorine 


In  suspension 
In  solution  ... 


Ammonia 

Total 

acid  in  solution  «  Ammonia 


46*39 
40-40 


86-79 


Traces. 
8-45 
1-76 
5-46 
6-82 
608 
4-39 
1-28 
8-83 
1-80 


44-87 
11  ^(^ 


56-07 


91-26 
51-60 


142-86 


3-84 
907 
703 


2-92 
5-74 


8-66 


Drainage. 


10-25 
1-69 
0-38 
9-73 
1-50 
6-55 
0-44 
6-18 
0-80 


37-52 
7-80 


45-32 


37-52 

7-80 


46-32 


0-94 
5-54 
6-61 


0-98 


0-98 
(3)  1-33 


Sewage. 
6-30 
3-75 
0-25 
2-17 
1-14 
39-30 


52-91 
32-40 


85-31 


1-25 
8-23 
1-80 
5-24 
8-53 
6-17 
401 
1-66 
7-42 
1-00 


45-31 
1000 


55-31 


98-22 
42-40 


140-62 


3-90 
9-76 
8-10 


2-42 
6-36 


8-78 


Drainage. 


0-25 
10-08 
1-69 
2-30 
9-21 
2-34 
6-75 
0-32 
701 
0-80 


40-75 
705 


47-80 


40-75 
705 


47-80 


1-48 
7-17 
6-70 


0-92 


0-92 


(4)  1-41 


(8)  4-227  Nitric  acid  =  1096  Nitrogen  «  1331  Ammonia. 
(4)4-483  ..  =1162        „  -1-411 


»» 
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The  soil  was  light  and  gravelly,  with  a  gravelly  subso: 
an  examination  of  the  figures  in  Table  XI  shows,  that 
done  the  work  of  absorption,  at  any  rate  as  well  as,  if  not 
than,  on  the  average,  did  the  soils  in  the  other  fields, 
intended  to  take  samples  for  detailed  analysis  from  this  field 
various  conditions  of  the  weather,  but  owing  to  the  continu 
the  drought,  this  could  not  be  accomplished. 

In  judging  of  these  results,  as  well  as  those  already  cons 
it  must,  of  course  be  borne  in  mind  that,  excepting  wh 
land  is  already  saturated  with  water,  a  gallon  of  drains 
represent  much  more  than  a  gallon  of  sewage ;  and  that, 
the  amount  of  any  constituent  of  the  sewage  found  in  a  gt 
the  drainage  must  have  been  derived  from  more  than  a  gi 
the  former.  The  non-retention  of  valuable  manurial  mat 
the  soil  was,  therefore,  not  so  great  as  would  at  first  sight 
on  an  inspection  of  the  comparative  composition  of  equal  v 
of  the  sewage  and  of  the  drainage. 

As  in  the  larger  number  of  cases,  so  in  these,  the  quai 
matter  in  suspension  in  the  drainage  was  very  small,  am 
obviously  in  great  part  derived  from  the  soil,  it  was  not  sul 
to  quantitative  analysis.  A  considerable  proportion  of  th 
phoric  acid  of  the  sewage  was  m  suspension,  but  there  wa 
of  it  ui  suspension  in  the  drainage,  the  whole  of  the  poi 
existmg  in  the  sewage  liavmg  been  retained  by  the  soil. 

It  is  satisfactory  to  observe  that  among  the  inorganic  const 
in  solution  in  the  sewage,  by  far  the  larger  projwrtion  o 
which  are,  perhaps,  the  most  likely  to  become  relatively  de 
was  retained  by  the  soil.  Thus,  smaller  proi)ortions  of  \h 
potassa  and  the  phosphoric  acid  of  the  sewage  i)assed  oflF 
drainage  than  of  any  other  constituents.  Soda  was  also  r 
by  the  soil  to  a  considerable  extent,  magnesia  in  a  less  degr 
lime  less  still.  Of  lime,  indeed,  there  was  more  in  a  ga 
drainage  than  in  a  gallon  of  sewage;  of  sulphuric  acid  alt» 
was  considerably  more  in  the  drainage  than  in  an  equal  vol 
the  sewage.  Lastly,  of  soluble  silica  a  notable  portion  pas 
in  the  drainage. 

Of  organic  matter  in  solution  a  very  considerable  quanti 
found  in  the  drainage- water.  The  character  of  the  soluble  < 
matter  iu  the  drainage  is,  however,  very  different  from  thai 
sewage.  It  contains  very  much  less  ammonia,  or  ammoni 
ing  matter;   and,  especially  in  periods  of  active  vegetatioi 
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doubtless,  frequently  be  derived  from  vegetable  matter  within  the 
wfl,  rather  than  directly  from  the  sewage. 

A  very  important  point  to  remark  is,  that,  whilst  the  sewage 
scarcely  contained  an  appreciable  amount  of  nitric  acid,  the 
drainage  contained  more  nitrogen  in  that  form  than  as  ammonia; 
the  result  being  that  the  soil  had  retained  a  considerably  less  pro- 
portion of  that  important  manuri0,l  constituent  of  the  sewage 
than  would  have  been  supposed  had  only  the  more  partial  analyses 
heenmade. 

The  general  result  was,  that,  practically,  the  whole  of  the  in- 
soluble or  suspended  matter  of  the  sewage  was  retained  by  the 
^il;  and  that,  of  the  constituents  of  the  sewage,  whether  in  sus- 
pension or  in  solution,  those  which  are  of  the  most  value,  because 
the  most  liable  to  become  relatively  exhausted,  were  the  most 
efficiently  retained.  Nevertheless,  the  drainage- water  still  retained 
8omuch  of  potassa,  phosphoric  acid,  ammonia,  and  nitric  acid,  as 
clearly  to  show  that  the  sewage  had  not  been  perfectly  deprived  of 
its  valuable  manurial  matters,  and  also  so  much  of  total  soluble 
^Jaatter,  especially  of  soluble  organic  matter,  as  to  show  that  it  had 
Jiot  been  by  any  means  perfectly  i)urified. 

There  is,  indeed,  a  limit  to  the  power  which  a  soil  possesses  of 
'Moving  substances  from  solution,  or  of  preventing  those  already 
*fcsorbed  from  being  dissolved  in  water  passing  through  it,  the 
'^ult  being  dependent  on  the  physical  and  chemical  characters  of 
tte  soil  itself,  and  on  the  amount  and  composition  of  the  fluid 
passing  through  it.  So  far  as  the  soluble  organic  matters  of  the 
drainage  are  derived  from  vegetable  matter  within  the  soil,  it  is  a 
^'lestion  whether  there  will  not  always  be  a  considerable  amomit 
^that  passing  from  land  covered  with  luxuriant  vegetation.  So 
*w,  however,  as  the  nitrogen  of  the  drainage  exists  in  the  form  of 
^tric  acid,  it  is  a  pretty  satisfactory  indication  that  the  organic 
^ter  has,  to  a  great  extent,  already  passed  the  stage  of 
ddeterious  putrescence. 

In  the  Rugby  experiments  the  arrangements  were  not  such  as  to 
*Uowof  the  water  drained  from  one  portion  of  the  land  being  passed 
over  another ;  but  at  Beddington,  near  Croydon,  a  great  portion  of 
^^  water  does  duty  twice,  and  sometimes  three  times ;  and  from 
^ults  kindly  communicated  by  Mr.  Latham,  the  engineer  to  the 
Croydon  Board  of  Health,  and  given  in  the  following  table,  it  would 
H^pear  that  there  the  water  eventually  passes  from  the  land  in  a  state 
^much  greater  purity  than  was  the  case  in  the  Rugby  experiments. 
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Table  XII. 

Partial  Analy*e»  ofth^  Croydon  Snra^fe  before  application^  of  tht  Drainagt'frates 
from  the  irrigated  land, and  of  the  River  Wandle^ahoce  and  belittr  the  Drainagt 
Outfall  from  the  irrigated  land. 


Constitnent**. 


Croydon. 


Sewage. 


Drainage. 


River  Wandle. 


Above 
Drainage 
Outfall. 


Below 
Drainage 
Ontfall. 


Grains  per  gallon. 


I  oorganio  matter 

Organic  matter    

Total  solid  matter  ... 
Ammonia  


48-30 
52*20 


100-50 


«>-70 


28-40 
2-40 


25-80 
0-21 


18-5f> 
1-44 


2000 
OlS 


2(»ir. 

2-OS 


2224 
o  IS 


The  figures  show  much  about  the  same  amount  of  ammonia  ^ 
tlie  Sewage  of  Croydon,  as  was  found  on  the  average  in  that 
Rugby ;  but  the  amount  in  the  Croydon  drainage  was  extreme" 
small.     It  is  unfortunate  that  the  quantity  of  nitric  acid  wasr^c 
also  determined  ;   but  we  are  informed  that  it  undoubtedly  exis^ 
in  some  amount  in  the  drainage  from  the  Beddington  meadoTfs. 
Still,  although  formerly  the  Croydon  Board  had  to  meet  numerous 
law-suits  on  account  of  the  pollution  of  the  river  by  the  sewa^, 
the  fluid  is  now  so  far  purified  before  being  discharged,  that  those 
having  the  right  of  fishing  in  the  river  have  foimd  it  worth  while 
to  fix  gratings  to  prevent  the  fish  going  up  the  main  outfall  from 
the  sewage-irrigated  land. 

The  results  obtained  in  regard  to  this  i)art  of  the  subject — ^that  of  i 
purification — however  interesting  and  important,  must  still  be 
looked  ui)on  as  little  more  than  initiative ;  but  there  can  be  no 
doubt  that,  when  large  quantities  of  sewage  are  applied  to  gns^ 
land,  the  arrangements  should  be  such  as  to  allow  of  the  drainBg^ 
water  being  collected  and  re-used  in  such  a  manner  as  to  insure  s^ 
far  as  possible  both  complete  utilization  and  complete  porificaiiofl' 
It  must  be  admitted,  however,  that  further  experience,  and  fnrtlMf 
investigation,  are  still  wanting,  to  determine  what  amoiintof  sevM^ 
provided  the  drainage  water  be  properly  re-distribatod,  eiD  w 
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^dy  applied  to  a  given  area,  under  different  conditions  of  soil 
and  subaoily  and  under  different  conditions  of  season,  so  as  to 
uiaure  its  suflScient  purification. 

Experience  of  Common  Practice  in  the  Utilization  of  Sewaffe. 

Leaving  the  results  of  experimental  inquiry,  it  will  l)e  well 
Wefly  to  notice  those  of  practical  experience  hitherto,  in  regard 
to  the  value  and  utilization  of  town  sewage.  The  instance  most 
frequently  quoted  is  that  of  the  neighbourhood  of  Edinburgh, 
elating  to  which  some  particulars  are  given  in  the  following 
Table  :- 


Table  XIII. 

Relating  to  the  Setvagc'irrigated  Meadowtt  near  Edinburgh. 


NameB  of  Meadowp. 


'^^ttd,  Spring    Gardens,    and  ) 

jj^tigentinny \ 

J5**Miiand  Western  Dairy 

WHoles  

jNrhton  Bom 

•■•wimge 


Imperial 

Acres  under 

Irrigation. 


285 

80 
8 
6 


Approximate 

Population 

contributing 

to  each  Acre. 


387 

112 
r)62 

302 


Approximate 

Quantity  of 

Sewage  available 

for  each  Acre. 


Tons. 
20,500 

17.0(K) 

fi5,()00 

102,(MK) 

97,000 


These  tabular  statements  are  chiefly  based  upon  direct  informa- 
•^,  obtained  in  part  from  Mr.  McPherson,  the  Edinburgh 
^%  Surveyor,  and  in  4)art  from  the  occupiers  or  managers  of 
*he  respective  meadows.  To  prevent  misunderstanding,  however, 
*^U8t  be  explained  with  regard  to  them,  that,  as  water-closets  are 
^  universal,  and  as  the  sewage  is  frequently  allowed  to  pass 
^UBed,  the  records  of  the  amount  of  population  contributing  to, 
^  of  sewage  available  for,  each  acre,  do  not  show  the  amounts 
•Anally  utilized,  but  only  approximately  the  total  amounts  avail- 
^\  whether  used  or  wasted. 

Sewage  has  been  applied  to  some  portions  of  the  land  in  the 
^"^^bourhood  of  Edinburgh  for  about  200  years,  to  a  considerable 
Portion  for  more  than  60,  and  to  most  of  that  now  under  irriga- 
^  for  more  than  30  years.  In  two  instances  arrangements  have 
"^  made  for  raising  the  sewage,  by  pumping,  an  inconsiderable 
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number  of  feet ;  but  the  cost  has  been  found  too  great  to  allov 
a  sufficient  quantity  being  applied  per  acre,  and  hence  the  a]> 
cation  in  this  way  has  been  much  limited,  if  not  on  some  jwrti 
of  the  land  entirely  abandoned.  The  appUcation  is  contine<7 
meadow  land  and  Italian  rye-grass,  and  the  distribution  is  entire 
by  means  of  open  runs.  When  Italian  rye-grass  is  gro\>Ti,  t\ 
land  is  periodically  broken  up,  and  one  or  two  other  crops  take 
without  sewage  before  laying  down  again  to  grass.  The  applic 
tion  to  ordinary  rotation  crops  on  arable  land  fonns  no  part 
the  system  adopted. 

There  is  no  doubt  that  at  Edinburgh  larger  amounts  of  sewa 
are  aj^plied  per  acre  than  anywhere  else,  and  that  it  is  under  the 
conditions  that  there  are  there  obtained  larger  amounts  of  prodi 
per  acre  than  anywhere  else.  Nor  is  there  any  doubt,  on  t 
other  hand,  that  there  is,  at  Edinburgh,  not  only  very  great  wa 
of  manurial  constituents,  but  very  imperfect  purification  of  1 
sewage.  Hence  the  exi)erience  there,  however  interesting  a 
important  in  some  points  of  view,  cannot  be  taken  as  the  foum 
tion  either  of  estimates  of  the  value  realizable  in  practice  by 
utilization  of  given  amounts  of  sewage,  or  of  the  sewage  ol 
given  j)opulation,  or  of  safe  conclusions  as  to  the  amount  of  sewj 
that  can  advantageously  be  applied  per  acre  when  the  drain) 
has  to  be  passed  into  a  river,  which  may  have  to  serve  as 
water-supply  of  other  towns,  instead  of,  as  at  Edinburgh,  hav 
an  immediate  outfall  into  the  sea. 

It  may  be  mentioned  that  generally  four  or  five  crops  of  gr 

are  obtained  per  acre  annually,  amounting,  according  to  circu 
stances,  to  30,  40,  50,  60,  and  even  more  tons  per  Imperial  ac 
and  selling  for  prices  varying  from  M8  to  over  4*40  per  acre, 
averaging  i)erhaps  about  £25.  These  results  are,  indeed,  si 
ciently  striking,  and  well  merit  careful  inquiry  and  considerati 
but,  for  the  reasons  above  stated,  the  exact  practice  of  Edinba 
is  not  applicable  to  towns  generally,  and  is  especially  inapplic-s 
to  inland  towns. 

Table  XIV  summarizes  the  results  of  the  experience  of 
most  important  instances  of  sewage  utilization  in  other  locall' 
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Table  XIV. 

Relating  to  Sewage-irrigation  in  various  Realities, 


•TUB. 

Population 
contributing. 

Acres. 

Crops.  &c. 

Annual 

Original 

Rednced. 

to  Towns 

ck 

6.500 

270 

0 

Arable  and  grass ;  abandoned 

Nothing 

le  

22,000 

70 

•  •  • 

Meadow  grass ;  all  grazed 

? 

on 

16,(XM) 

250 

•  •  • 

Meadow  and  rye-grass  • 

£300 

m 

4,000 

50 

•  •  ■ 

Grass 

Nothing 

r 

(>,7()0 

(  11)0 

j  280 

20 
100 

Meadow  and  rye-grass 
Meadow ;  chiefly  grazed 

i   £50 

tock  ... 

G,(HM) 

95 

■  •  • 

Grass 

Nothing 

ord 

4,000 

210 

1    7 
)  35 

Rye  -grass — Summer. 
Meadow  grass — Winter 

1   £10 

ling  ... 

7,000 

42 

•  •  • 

Grass ;  not  yet  at  work 

Nothing 

t  Alnwick,  the  late  Duke  of  Northumberland  put  down 
hinery  and  piping  for  the  distribution  of  the  sewage  of  the 
1  over  about  270  acres  of  mixed  arable  and  grass  land.  After 
try  short  time,  the  tenants,  who  had  the  free  use  of  the  sewage 
the  cost  of  its  application,  abandoned  it  altogether ;  and  the 
liff  of  the  District,  who  reports  the  failiu-e,  expresses  his  oi)inion 
ngly  against  the  general  applicability  of  sewage  to  arable 
1. 

i  Carlisle,  the  sewage  of  only  a  portion  of  the  town  is  utilized. 
IB  deodorized  by  Mr.  McDougalFs  disinfecting  fluid,  and 
ed  by  steam  power  some  10  or  12  feet  into  an  open  cut,  from 
ch  it  is  diverted  for  application  to  the  land  by  moveable  iron 
ighs.  It  is  estimated  that  from  8,000  to  9,000  tons  of  sewage 
appUed  per  acre  per  annum.  It  is  understood  that  little  or 
hing  is  realized  by  the  town ;  but  that  the  tenant  makes  a 
siderable  profit  by  sub-letting  the  sewage-irrigated  land  for 
zing  purposes. 

n  the  Neighbourhood  of  Croydon,  as  already  referred  to,  the 
age  of  nearly  20,000  i)ersons  is  applied  to  about  250  acres  of 
adow  and  Italian  rye-grass.  It  is  calculated  that  more  than 
00  tons  of  sewage  are  available  for  each  acre.  A  considerable 
tion  of  the  fluid  is  used  two  or  three  times  over ;  and  it  finally 
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passes  from  the  land  pretty  satisfactorily  purified.  It  is  esi 
mated  that,  after  making  deduction  of  4*4  for  rental,  the  //r< 
return  per  ton  of  sewage  applied  is,  at  the  present  prices  of  i 
produce,  with  Italian  rye-grass  from  Jd.  to  Id.,  and  with  me^c 
grass  from  hd,  to  Jd.  The  sewage  is  not  apphed  in  any  s^-stemal 
manner  to  other  crops,  but  it  has  been  tried  on  a  small  scale 
root-crops.  An  enlargement  of  the  area  of  irrigation  is  contei 
plated,  which  will,  if  carried  out,  somewhat  reduce  the  amoimt 
fluid  and  excretal  matters  available  per  acre  below  the  quantiti 
above  stated. 

About  12  years  ago,  arrangements  were  made  for  collecting  tl 
sewage  of  Rugby  in  a  tank,  from  which  it  is  pumjHjd,  by  a  12-hor 
power  engine,  through  iron  pipes  laid  down  for  the  distribute 
over  about  470  acres  of  mixed  arable  and  grass  land.  Up  to  la 
year  190  acres  were  held  by  Mr.  James  Ai'chibald  Campbe 
but  he  has  gradually  Umited  the  area  of  application,  and  diirii 
the  last  few  years  has  abandoned  the  use  of  hose  and  jet,  exceptii 
occasionally  on  a  small  scale,  and  confined  the  application  almo 
exclusively  to  from  12  to  20  acres  of  meadow  and  ItaUan  ry 
grass.  The  remainder  of  the  land,  amounting  to  about  280  acre 
has  passed  through  the  hands  of  two  tenants,  both  of  whom  a 
said  to  have  sustained  considerable  loss.  The  last  of  the  two  h 
confined  the  application  almost  exclusively  to  about  100  acres 
grass  land,  and  applied  the  sewage  almost  entirely  by  open  rui 
The  whole  is  now  in  the  hands  of  the  landlord,  Mr.  G.  H.  Walk- 
who,  it  is  understood,  is  contemplating  the  abandonment  of  I 
use  of  steam  power,  pipes,  and  hose  and  jet,  and  the  application 
a  limited  area  by  means  of  gravitation. 

The  general  result  at  Bugby  is,  then,  that  after  about  a  dos 
years  of  practical  experience,  with  arrangements  adapted  for  " 
application  of  small  quantities  of  sewage  per  acre,  to  arable  as  w 
as  to  grass  land,  and  to  all  crops,  the  area  has  been  gres 
limited,  the  use  to  any  other  crops  than  meadow  and  Italian  k" 
grass  is  quite  exceptional,  and  the  application  by  means  of  ste^ 
power,  pipes,  and  hose  and  jet,  will  probably  soon  he  eniim 
abandoned.  It  may  be  added  that,  at  the  time  of  the  experime 
of  the  Commission,  the  sewage,  which  was  considerably  stron 
than  that  of  the  Metropohs,  cost  the  tenants  only  about  fd. 
ton  at  the  hydrants  in  the  fields ;  yet,  rather  than  incur  the  lo9 
using  it  at  that  cost,  both  were  glad  to  get  rid  of  it  to  the  CX 
mission,  at  rates  which,  though  three  times  as  high  during    ^ 
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six  summer  as  during  the  six  winter  months,  averaged  the  year 
roond  scarcely,  but  very  nearly,  Id.  per  ton  at  the  hydrants. 

Some  years  ago,  the  Earl  of  Essex  laid  down  pipes  for  the  appli- 
cation of  the  sewage  of  Watford,  by  pumping  and  hose  and  jet,  to 
about  210  acres  of  mixed  arable  and  grass  land.     The  results 
which  his  Lordship  obtained  on  the  application  of  only  134  tons  of 
wwage  per  acre  to  wheat  have  frequently  been  held  to  be  conclu- 
sive proof  of  its  applicability  in  small  quantities  per  acre  over 
large  areas,  to  arable  land,  and  to  all  crops.    But  in  the  evidence 
given  by  his  Lordship  before  the  Sewage  Committee  of  1862,  he 
rtated,  very  emphatically,  that  his  great  error  had  been  the  piping 
of  too  much  land ;   that  he  required  5,000  tons  per  acre  for  10 
acres  of  rye-grass ;  and  that,  applying  the  remainder  to  35  acres  of 
Baeadow,  he  had  none  to  spare  for  wheat.    Li  other  words,  although 
the  abandonment  of  one  acre  of  rye-grass  would  set  free  sewage 
enough  for  nearly  40  acres  of  wheat,  if  applied  only  at  the  rate 
wlich  yielded  the  large  gross  return  per  ton  of  sewage  so  frequently 
quoted,  yet  his  Lordship's  practical  experience  had  led  him  to 
piefer  the  application  to  the  one  acre  of  rye-grass  rather  than  to 
the  nearly  40  acres  of  wheat.      Further,  his  Lordship  gave  it  as 
his  opinion  that  sewage  would  not  be  profitable  to  the  farmer 
^ess  he  could  have  it  at  from  Jd.  to  Jd.  per  ton. 

Beferring  to  the  question  of  the  application  of  sewage  to  corn 

^'ops,  it  may  be  stated  that,  in  an  experiment  made  by  the  Com- 

''^on  at  Rugby,  with  oats,  a  very  high  gross  money  return  per 

*on  of  sewage  was  also  obtained.      The  experiment  was  made  in 

*he  unusually  productive  season  of  1863,  and  with  sewage  of  about 

^^uble  the  average  strength  of  that  of  the  Metropolis,  applied 

^^Ulng  a  period  of  very  dry  weather.     The  results  were,  therefore, 

9^ie  exceptional,  and  cannot  be  taken  as  affording  any  indication 

^^  Mrhat  might  be  expected  from  the  application  of  small  quantities 

^'  8ewage  to  com  crops  generally,  on  different  soils,  and  on  the 

Average  of  seasons.     There  carmot,  indeed,  be  a  doubt,  that  to 

Obtain  a  maximum  gross  value  of  produce  from  a  given  amount 

^^  sewage,  it  should  be  applied  in  small  quantities  per  acre,  and  in 

^*^  weather.    But  sewage  is  produced  in  large  daily  amount  at 

^  seasons,  and  must  be  disposed  of  as  soon  as  it  is  produced.     It 

^Ust,  therefore,  be  applied  in  winter,  when  of  comparatively  little 

^ue,  as  well  as  in  summer,  when  of  more,  and  it  would  frequently 

P^  quite  inapplicable  to  arable  land.     Moreover,  to  obtain  an 

^^^creased  gross  money  return  per  ton  of  sewage  by  using  it  on  a 
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comprehensive  scale  for  corn  and  other  ordinary  rotation  crops, 
would  involve  the  extra  cost  of  main  distribution  over  at  least 
a  ten-fold,  if  not  frequently  a  twenty-fold  area,  and  require  the 
application  to  a  great  extent  by  the  expensive  means  of  pipes  and 
hose  and  jet,  instead  of  by  the  economical  one  of  open  runs. 

At  Malvern  and  Tavistock  the  application  of  sewage  to  grass 
land  has  now  been  carried  on  for  some  years,  but  at  Worthing  it 
has  only  very  recently  been  commenced. 

From  this  short  review  of  the  experience  of  practical  men  who 
have  undertaken  the  utilization  of  sewage  with  a  view  to  profit,  it 
appears  that,  wherever  arrangements  have  been  made  for  the 
application  of  small  quantities  over  large  areas,  to  com  and  other 
rotation  crops  on  arable  land,  and  by  means  of  pipes  and  hose  and 
jet,  the  undertaking  has  either  been  entirely  abandoned,  or  the 
area  gi'eatly  limited,  and  the  application  confined  almost  exclu- 
sively to  meadow  and  Italian  rye-grass.  On  the  other  hand,  the 
undertakings  which  have  been  the  most  successful  from  the  agri- 
cultural point  of  \'iew  are  those  in  which  the  arrangements  have 
been  adapted  for  the  almost  exclusive  application  to  grass,  and  the 
application  to  other  crops  is  only  exceptional. 


General  Practical  Conclusions. 

The  practical  conclusions  deducible  from  the  whole  inquiry 
may  be  briefly  stated  as  follows : — 

1.  It  is  only  by  a  liberal  use  of  water  that  the  refuse  matters  of 
large  populations  can  be  removed  from  their  dwellings  without 
nuisance  and  injury  to  health. 

2.  That  the  discharge  of  town  sewage  into  rivers  renders  them 
unfit  as  a  water  supply  to  other  towns,  is  destructive  of  their  fish, 
causes  deposits  which  injure  their  channels,  gives  rise  to  emana- 
tions which  are  injurious  to  health,  is  a  great  waste  of  manorial 
matter,  and  should  not  be  permitted. 

8.  That  the  proper  mode  of  both  utilizing  and  purifying  sewage 
is  to  apply  it  to  land. 

4.  That,  considering  the  great  dilution  of  town  sewage,  its  con- 
stant daily  supply  at  all  seasons,  its  greater  amount  in  wet  weather 
when  the  land  can  least  bear,  or  least  requires,  more  water,  and 
the  cost  of  distribution,  it  is  best  fitted  for  application  to  grass, 
which  alone  can  receive  it  the  year  round.     It  may,  however,  be 
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ifiionally  applied  with  advantage  to  other  crops  within  easy 
ch  of  the  line  or  area  laid  down  for  the  continuous  application 
^asB. 

».  That,  having  regard  both  to  urban  and  rural  interests,  an  appli- 
ion  of  about  5,000  tons  of  sewage  per  acre  per  annum,  to  meadow 
Italian  rye-grass,  would  probably,  in  the  majority  of  cases, 
>ve  to  be  the  most  profitable  mode  of  utilization,  though  the 
uitity  would  have  to  be  reduced,  provided  experience  showed  that 
)  water  was  not  sufficiently  purified ;  and  it  is  pretty  certain  that 
5  farmer  would  not  pay  fd.,  and  it  is  even  very  doubtful  whether 
could  afiford  to  pay  ^d.  per  ton,  the  yeai-  round,  for  sewage 
he  average  strength  of  that  of  the  Metropolis  (excluding  storm- 
ier) delivered  on  his  land. 

'.  That  the  direct  result  of  the  general  application  of  town 
age  to  grass  land  would  be  an  enormous  increase  in  the  pro- 
ition  of  milk,  butter,  cheese,  and  meat ;  whilst,  by  the  con- 
iption  of  the  grass,  a  large  amount  of  solid  manure,  appUcable 
urable  land  and  to  crops  generally,  would  be  produced. 
.  That  the  cost  or  profit  to  a  town  of  arrangements  for  the 
ioval  and  utilization  of  its  sewage  must  vary  very  greatly, 
ording  to  its  position,  and  to  the  character  and  levels  of  the 
d  to  be  irrigated,  Where  the  sewage  can  be  conveyed  by 
vitation,  and  a  sufficient  tract  of  suitable  land  is  available,  the 
Ti  may  realize  a  profit ;  but,  under  contrary  conditions,  it  may 
^e  to  submit  to  a  pecuniary  sacrifice  to  secure  the  necessary 
itary  advantages. 
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FOOD     IN      ITS     EELATIONS 


TO 


VARIOUS    EXIGENCIES   OF    THE    ANIMAL    BODY. 


THE  appearance  in  the  June  (Supplementary)  Number  of  the 
Philosophical  Magazine  of  the  interesting  paper  by  Professore 
Fick  and  Wislicenus  "  On  the  Origin  of  Muscular  rower,"  and 
the  further  interest  excited  in  the  subject  by  Professor  Frankland's 
recent  lecture  at  the  Royal  Institution,  seem  to  render  it  oppor- 
tune that  the  important  question  of  the  connexion  between  certain 
constituents  of  food  and  certain  exigencies  of  the  animal  body 
should  receive  a  Uttle  further  consideration  at  the  present  time. 
Professor  Frankland  truly  said  that,  since  the  appearance  of  Baron 
Liebig's  masterly  and  highly  suggestive  work  '  On  Organic  Che- 
mistry in  its  applications  to  Physiology  and  Pathology '  in  1842, 
his  views  of  the  relation  of  the  nitrogenous  and  the  non-nitro- 
genous constituents  of  food  to  certain  requirements  of  the  ani- 
mal organism  have  been  pretty  generally  adopted  by  text-book 
writers.  It  is  also  true,  that  authorities  on  the  subject  of  the 
chemistry  of  food  have,  even  so  recently  as  last  year  and  this, 
either  directly  maintained  or  taken  for  granted  the  correctness 
of  Baron  Liebig's  views.  It  is,  however,  not  the  case,  as  was 
also  assumed  by  Professor  Frankland,  that  those  views  have  re- 
mained unquestioned  excepting  in  the  one  or  two  instances  of 
criticism  to  which  he  referred. 

This  question,  in  various  aspects,  has  occupied  a  great  deal 
of  our  own  attention  for  many  years  past ;  and  so  long  ago  as 
1852,  we  advocated  substantially  the  views  now  adopted  by  Pro- 
fessors Fick,  Wislicenus,  and  Frankland ;  and  we  have  on  various 
occasions  since  that  date  expressed  them  with  greater  definitencss, 
and  urged  them  the  more  emphatically,  as  new  experimental  evi- 
dence either  of  others  or  ourselves  seemed  to  lend  them  support 
or  confirmation.    It  may  be  well,  therefore,  to  state  very  bnefly 
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the  course  of  our  own  investigations  bearing  upon  the  subjc 
and  also  the  conclusions  that  we  have  based  upon  them. 

In  Baron  Liebig's  work  above  alluded  to,  and  also  in  sub 
quent  publications,  he  treated  of  the  food  requirements  of  I 
animal  body  generally — ^that  is,  under  different  conditions;  a 
starting  from  the  fundamental  assumptions,  on  the  one  hand, 
the  direct  connexion  of  the  nitrogenous  or,  as  he  designai 
them,  the  ^* plastic "  constituents  of  food,  not  only  with  the  f 
mation  in  the  animal  body  of  the  compounds  containing  nitrog 
but  also  with  the  development  of  muscular  power,  and,  on  t 
other,  of  the  general  relationship  of  the  non-nitrogenous  oc 
stituents  of  food  with  respiration,  the  development  of  heat,  a 
the  deposition  of  animal  fat,  he  concludea  that  the  relati 
value  of  different  foods,  as  such,  was  to  a  great  extent  depei 
ent  on,  and  even  measurable  by,  the  proportion  of  nitrogenc 
constituents  which  they  contained. 

It  was  upon  the  assumption  of  the  broad  and  fundament 
classification  of  the  constituents  of  food  according  to  their  vario 
offices  in  the  animal  economy,  as  above  stated,  that  numerc 
analyses  of  food  were  undertaken,  and,  founded  upon  the  resu 
obtained.  Tables  constructed  professing  to  arrange  cuiTent  artic 
of  food,  both  of  man  and  other  animals,  according  to  their  coi 
parative  values  as  such  ;  and  whether  the  object  were  the  feedi 
of  animals  for  the  production  of  milk,  the  so-called  fattening 
them  for  the  production  of  meat,  or  the  support  of  the  body  i 
the  exercise  of  muscular  power,  the  proportion  of  nitn^enc 
constituents  was  generally  taken  as  the  measure  of  that  value. 

Omitting,  for  the  sake  of  brevity,  any  special  reference  to  t 
labours  or  views  of  others,  it  will  suffice  here  to  make  a  few  su 
quotations  from  Baron  Liebig's  works  as  will  best  convey  shor 
in  his  own  words  a  pretty  clear  indication  of  his  own  vie^ 
and  at  the  same  time  pretty  fairly  represent  those  of  a  hrg^  pi 
portion  both  of  systematic  writers  and  experimenters,  on  1 
points  in  question.  Speaking  of  the  nitrogenous  constituents 
food,  he  said  : — 

"  It  is  found  that  animals  require  for  their  support  less  of  a 
vegetable  food  in  proportion  as  it  is  richer  in  these  peculiar  m 
ters,  and  cannot  be  nourished  by  vegetables  in  whidi  these  mi 
ters  are  absent."    (Chemical  Letters,  Srd  edition,  p.  849.) 

Again  : — 

*'  The  admirable  experiments  of  Boussingault  prove,  that  t 
increase  in  the  weight  of  the  body  in  the  fattening  or  feeding 
stock  (just  as  is  the  case  with  the  supply  of  milk  obtained  fn 
milch  cows),  is  in  proportion  to  the  amount  of  plastic  oonstituei 
in  the  daily  supply  of  lodder."  (Chemical  Letters,  8itl  edit.  p.  86 

In  regard  to  the  exercise  of  force,  he  said  : — 
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Ab  an  immediate  effect  of  the  manifestation  of  mechanical 
fofoe,  we  see,  that  a  part  of  the  mnscnLu*  substance  loses  its  vital 
P^perties,  its  character  of  life ;  that  this  portion  separates  from 
"^living  part,  and  loses  its  capacity  of  growth  and  its  power  of 
'l^iBtanoe.     We  find  that  this  change  of  properties  is  accompanied 
V  the  entrance  of  a  foreign  body  (oxygen)  into  the  composition 
^  the  mnscnkr  fibre  (just  as  the  acid  lost  its  chemical  character 
"V   oombining  with  zinc) ;  and  all  experience  proves,  that  this 
^^Q'^Tereion  of  living  muscular  fibre  into  compounds  destitute  of 
^tality  is  accelerated  or  retarded  according  to  the  amount  of  force 
^■JoploTed  to  produce  motion.     Nay,  it  may  safely  be  affirmed, 
tbat  they  are  mutually  proportional ;  that  a  rapid  transformation 
^  muflcuhr  fibre,  or,  as  it  may  be  called,  a  rapid  change  of  mat- 
t^tr,  determines  a  greater  amount  of  mechanical  force ;  and  oon- 
^^VBely,  that  a  greater  amount  of  mechanical  motion  (of  mecha- 
nical force  expended  in  motion)  determines  a  more  rapid  change 
^  matter."     (Organic  Chemistry  in  its  application  to  Physio- 
fegy  and  Pathology,  1842,  pp.  220  &  221.) 

And  again : — 
,^^  The  amount  of  azotized  food  necessary  to  restore  the  equili- 
«Hnm  between  wasije  and  supply  is  directly  proportional  to  the 
amount  of  tissues  metamorphosea. 

'^  The  amount  of  living  matter,  which  in  the  body  loses  the  con- 
ation of  life,  is,  in  equal  temperatures,  directly  proportional  to 
*'he  mechanical  effects  produced  m  a  given  time. 

**The  amount  of  tissue  metamorphosed  in  a  given  time  may 
^^  measured  by  the  quantity  of  nitrogen  in  the  urine. 

**The  sum  of  the  mechanical  effects  produced  in  two  indivi- 
dti^b,  in  the  same  temperature,  is  proportional  to  the  amount  of 
^tirt^n  in  their  urine;  whethei  the  mechanical  force  has  been 
^^ployed  in  voluntary  or  involuntary  motions,  whether  it  has 
^^f5n  consumed  by  the  limbs  or  by  the  heart  and  other  viscera." 
Clbid.  p.  246.) 

Our  own  direct  experiments  have  had  reference  chiefly  to  the 
*^^^ding  of  fattening  animals ;  but  the  characteristic  food  require- 
^^^ants  of  the  body,  when  fed  with  the  view  to  the  exercise  of 
^^Xiscular  power,  have  also  been  made  the  subjects  of  enquiry. 

Beferring  to  the  feeding  of  fattening  animals,  the  question 
J,  whether  in  the  use  of  the  currently  adopted  fooa-stuffs 
^  amount  of  food  consumed  by  a  given  weight  of  animal  within  a 
^^ven  time^  and  the  amount  of  increase  produced,  are  more  influ- 
^^ced  by  the  amount  of  the  nitrogenous  or  of  the  non-nitroge- 
nous constituents  which  the  food  supplies ;  that  is  to  say, 
^^hether  the  sum  of  the  requirements  of  the  animal  system 
^iKler  these  circumstances  is  such  that,  in  the  use  of  the  ordi- 
^coy  articles  of  food,  the  amount  taken  or  increase  produced  will 
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be  more  regulated,  or  measurable,  by  the  supplies  of  the  nitrogc^ — , 
nous  or  "  flesh-forming  "  constituents,  or  by  those  of  the  more  spe—  - 
cially  respiratory  and  fat-forming  non-nitrogenous  constituents. 

To  axxiuire  the  data  necessary  for  the  satisfactory  solution  o* 
this  question,  some  hundreds  of  animals— oxen,  sheep,  and  pig 
have  been  experimented  upon.     Comparative  lots  being  selec 
the  general  plan  of  the  feeding-experiments  was  to  give  to  so»-  ^  ^^,^ 
a  fixed  and  limited  amount  of  food    of  known  composition  i^ 
regard  to  its  contents  of  nitrogenous  and  non-nitrogenous  co^^^j^^^ 
stituents,  to  others  a  fixed  and  limited  amount  of  food  of  differs:^  -^'^^ 
ent  composition  in  this  respect,  and  to  allow  all  to  take  as  mu^,«-^Tj^.i 
as  they  chose  to  eat  of  some  other  food,  also  of  known  com 
sition,  the  quantity  consumed  being  weighed.      In  some 
single  description  of  food  only,  or  a  mixture  of  several  deser^ 
tions  in  known  proportions,  was  given  ad  libitum^  but  weigh 
and  in  others,  several  descriptions  of  food  were  allowed,  «=     =k?A 
separately,  ad  libituniy  but  weighed.    It  will  be  seen  that  in  t— ^iiig 
way  great  variation  in  the  amount  and  proportion  of  the  niti^  ix>. 
genous  and    non-nitrogenous  constituents  suppUed  was  attaii^«d, 
whilst  the  animals,  according  to  the  nature  of  the  food  witlftin 
their  reach,  fixed  for  themselves  the  limit  of  their  consumpti  ^)u. 
All  such  comparative  experiments  were    conducted    for    m«*iiy 
weeks,  or  even  for  several  months,  consecutively,  and  the  weigr^ts 
of  the  animals  themselves  were  determined  at  the  commei:moe- 
ment,  at  stated  periods  during  the  progress,  and  at  the  con<3ln- 
sion  of  the  experiment.  • 

To  determine  the  character  and  composition  of  the  gross  in- 
crease in  live-weight,  the  weights  of  the  individual  inter»*l 
organs  and  of  other  separated  parts  of  several  hundred  aninr^fi'^ 
of  different  descriptions  and  in  different  conditions  as  to  tM^ 
maturity,  and  fatness,  were  taken ;  whilst  in  some  carefa.  l^Y" 
selected  cases  the  total  amounts  of  fat,  nitrogenous  substai::^^ 
mineral  matter,  and  water,  were  determined  f. 

*  "  On  the  Composition  of  Foods  in  relation   to  Respiration  and         ^* 
Feeding  of  Animals/*  Report  of  the  British  Association  for  the  Adva:^^*^^ 
ment  of  Science  for  1852."    *•  Agricultural  Chemistry:  Sheep-Feeding         '^ 
Manure,"  part  1,  Joum.  Roy.  Ag.  Soc.  Eng.  vol.  x.  part  1,  1849.    *•  Rej^"  '"^^ 
of  Experiments  on  the  Comparative  Fattening  Qualities  of  different  Br^^^^i 
of  Sheep,"  ibid.  vol.  xii.  part  2. 1851  ;  vol.  xiii.  part  1,  1852 ;  vol.  xiv.  paT^^^^^^-i" 
1855.     »  Agricultural  Chemistry:  Pig  Feeding,"  ibid.  vol.  xiv.  part  2, 1  ^,: 

"  On  the  equivalency  of  Starch  and  Sugar  in  Food,"  Rep.Brit.A8aoafor  1  ^^1 

t  '*  Experimental  Inquiry  into  the  Composition  of  some  of  the  Anii^^Si!. 
Fed  and  Slaughtered  as  Human  Food,"  PhiL  Trans,  part  2,  1859  ;  also  \ 
ceedings  of  the  Royal  Society,  vol.  ix.  p.  348.    "On  the  Gompositio] 
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that,  in  the  case  of  fattening  animals,  the  amoant 
ed  in  relation  to  a  given  bodt/'Weight  within  a  given 
jgulated,  not  only  by   the  demands  of  the  system 

of  respiration,  perspiration,  &c.,  and  for  the  repair 
be  of  nitrogenous  substance,  but  also  by  the  addi- 
lents  for  growth  and  increase  ;  whilst,  on  the  other 
unt  required  to  be  consumed /or  the  production  of 
t  of  iticrease  will,  in  its  turn,  include  that  due  to 
>f  the  system  for  respirable  and  perspirable  matter 
of  the  waste  of  nitrogenous  substance.  Whether, 
xperimental  results  were  calculated  so  as  to  show 
nsumed  per  100  lbs.  live- weight  per  week,  or  to 
s.  increase  in  live-weight,  it  was  strikingly  brought 
parable  experiments,  that  it  was  in  neither  case  the 
rogenous  constituents,  but  in  both  the  amount  of 
available  non-nitrogenous  (or  total  organic)  sub- 
x)d  that  had  regulated  the  results  obtained, 
le  reader  to  our  former  papers  for  all  experimental 

the  fuller  discussion  of  the  re<^ults  and  statement 
ons,  we  will  close  this  part  of  the  subject  in  words 

paper  given  at  the  Meeting  of  the  British  Asso- 
ast  in  18o2*.  The  sentence  as  quoted  had  refer- 
sults  obtained  with  sheep;  but  subsequently  those 
pigs  were  summarized  in  almost  the  same  words  : — 
i  consider  that  it  is  the  results  obtained  under  the 
of  animal  life  that  we  are  seeking  to  measure  and 
•es,  and  if  we  also  bear  in  mind  the  various  sources 
I  to  which  our  actual  figures  must  be  submitted  in 
i  their  true  indications,  we  think  that  it  cannot  be 
beyond  a  limit  below  which  few,  if  any,  of  our 
ng  food-stuflfs  are  found  to  go,  it  is  their  available 
LS  constituents,  rather  than  their  richness  in  the 
es,  that  measure  both  the  amount  consumed  to  a 
)f  animal,  within  a  given  time,  and  the  increase  in 
d." 
aind  the  nature  of  the  respiratory  process,  and  the 

which  its  demands  must  necessanly  exercise  over 

food  consumed,  it  will  scarcely  appear  surprising 
m  at  least  should  be  chiefly  regulated  by  the  sup- 
od  of  non-nitrogenous  constituents;  but  that  ^ 
ease  obtained  in  feeding  animals  for  the  butcher 
ear  a  closer  relationship  to  the  supply  of  the 
IS  than   to  that  of  the  nitrogenous  constituents, 

mposition  of  Foods  in  relation  to  Respiration  and  the 
lals/'  Report  of  the  British  Assooiation  for  the  Advance* 
for  1852. 
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might  perhaps  well   be   looked  upon   as  inconsistent  with  tbe 
cnrrently  adopted  views  as  to  the  highly  nitrogenous  chanK^ 
of  the  increase  of  animals  fed  for    human  food,  and,  indeed^ 
of  the  highly  nitrogenous  character  of  the  aninuJ  portioH  of 
human  food  generally. 

The  investigation  into  the  ocmiposition  of  the  fattening  aai- 
mals,  and  their  increase,  above  alluded  to,  showed,  howerer,  , 
how  small  was  the  proportion  of  the  nitrogenous  subeteDoe  j 
of  the  food  that  was  stored  up  in  the  increase  of  the  animil, 
and  also  that  the  proportion  oi  fat  in  the  increase  was  much 
greater  than  had  previously  been  supposed.  The  results  fD^ 
thcr  led  to  the  remarkable  conclusion,  that,  reckoning  the  \A 
of  the  estimated  total  consumed  portions  of  animals  admitted 
to  be  in  only  a  proper  condition  of  fatness,  into  its  stoicb- 
equivalent,  there  was,  on  the  average,  a  higher  proportion  of 
so-reckoned  non-nitrogenous  substance  to  one  of  mtrogenoai 
substance  in  such  animal  food  than  in  bread  itself.  It  was  oob- 
eluded,  indeed,  that,  on  the  large  scale,  the  introdud^ion  ol 
animal  aliments  into  our  otherwise  chiefly  farinaceous  diet  did 
not  increase,  but  diminish  the  relation  of  the  nitrogenous  or  bo- 
called  "flesh-forming,"  to  the  non-nitrogenous  oonstitaente 
(reckoned  according  to  their  respiratory  and  fat-forming  csj*- 
city)  in  the  collective  food.  The  important  bearing  cl  th«e 
facts  in  forming  an  estimate  of  the  cnaracteristics  of  diifereot 
human  dietaries  will  be  at  once  apparent. 

So  much,  then,  for  the    characteristic    food  requiremente  of 
animals  exposed  to  as  little  exertion  as  possible,   and  fed  with 
the  express  view  of  accumulating  flesh   and  fat   in   their  bodies. 
Concurrently  with  the  earlier  experiments   to  determine  the  »• 
lations  of  food  and  body-weight  and  increase  above  referred  to,  4j 
question  of  the  relation  of  the  amount  of  the  constituents  voidv 
(especially  the  nitrogen)  in  the  liquid  and  solid  excrements  t^ 
that  in  the  food  consumed,  was  also  investigated.     Consistent^ 
with  the  results  obtained  in  regard  to  the  amount  and  charicttf 
of  the  increase  resulting  from  the  consumption  of  very  diffew*** 
amounts  of  nitrogenous  substance,  it  was  found  that  tne  Kaffi^^ 
of  nitrogen  voided  by  fattening  animals  fed  under  equal  oon* 
ditions  as  to  the  exercise  of  force,  bore  a  very  direct  relation  ^ 
that  supplied  in  the  food.     So   direct,  indeed,  is  the  oonnerioj'^ 
between  the  composition  of  the  matters  excret«i  and  that  of  tn^ 
food  consumed,  that  we  have  constructed  Tables  showing  tl^ 
relative  value  of  the  manure  produced  by  fattening  animals  ^^^ 
a  given  weight  of   different  food-stuffs  according  to  the 
position  of  the  latter. 

But  more  to  our  present  purpose — so  striking  were  the 
suits  obtained  in  r^ard  to  the  connexion  between  Ae  oom] 


to  pariaus  mgencies  of  the  Anirml  Body. 

^  of  the  food  on  the  one  hand,  and  the  amount  consumed, 

the  amoant  and  character  of  the  increase  produced,  and  the 

oompoBition  of  the  excreted  matters,  on  the  other,  and,  on 
nme  important  points,  so  contrary  in  their  indications  to  the 
prevailing  views,  that  we  were  led  at  once  to  turn  our  attention 
to  htunan  dietaries,  and  especially  to  a  consideration  of  the 
mnagement  of  the  animal  body  undergoing  somewhat  excessive 
Uxmr,  as,  for  instance,  the  hunting  horse,  the  racer,  the  cab- 
hons,  *and  the  foxhound,  and  also  pugilists  and  runners.  The 
oooolusioiis  to  which  we  were  led  by  this  study  were  briefly 
nmmarized  in  1852  as  follows  *  : — 

''  • •  •  that  in  the  cases,  at  least  of  ordinary  exercise 

of  force,  the  exigencies  of  the  respiratory  system  keep  pace 
more  nearly  with  the  demand  for  nitrog^ous  constituents  of 
bod  tiian  is  usually  supposed  f* 

And  further : — 

^A  somewhat  concentrated  supply  of  nitrogen  does,  however, 
in  some  cases,  seem  to  be  required  when  the  sjrstem  is  over- 
bed; as  for  instance,  when  day  by  day,  more  labour  is  de- 
manded of  the  animal  body  than  it  is  competent  without  de- 
terioration to  keep  up;  and  perhaps  also,  in  the  human  body, 
when  under  excitement  or  excessive  mental  exercise.  It  must 
be  remembered,  however,  that  it  is  in  butcher's  meat,  to  which  is 
attributed  such  high  fl^-forming  capacity,  that  we  have  also, 
in  the  fat  which  it  contains,  a  large  proportion  of  respiratory 
material  of  the  most  concentrated  kind.  It  is  found,  too,  that 
of  the  dry  substance  of  the  egg^  40  per  cent,  is  pure  fat. 

''A  consideration  of  the  habits  of  those  of  the  labouring 
daeees  who  are  under-  rather  than  over-fed,  will  show,  that 
Aiej  first  have  recourse  to  fat  meat,  such  as  pork,  rather  than 
^  those  which  are  leaner  and  more  nitrogenous ;  thus  perhaps 
Hdicating,  that  the  first  instinctive  call  is  for  an  increase  of  the 
^BBpratory  constituents  of  food.  It  cannot  be  doubted,  how- 
ver,  that  the  higher  classes  do  consume  a  larger  proportion  of 
he  leaner  meats ;  though  it  is  probable,  as  we  hare  said,  that 
Ven  with  these  as  well  as  pork,  more/a^,  possessing  a  higher 
^iratory  capacity  than  any  other  constituent  of  food,  is 
i^en  into  the  system  than  is  generally  imagined.  Fat  and 
'litter,  indeed,  may  be  said  to  have  about  twice  and  a  half  the 
Oratory  capacitv  of  starch,  sugar,  &c.  It  should  be  re- 
^^'^bered,  too,  that  the  classes  which  consume  most  of  the 
^er  meats,  are  also  those  which  consume  the  most  butter, 
'^gar,  and  in  many  cases,  alcoholic  drinks  also. 

**It  is  further  worthy  of  remark,  that  wherever  labour  is 
^nded  in  the  manufacture  of  staple  articles  of  food,  it  has 
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generally  for  its  object  the  concentration  of  the  non 
genous,  or  more  peculiarly  respiratory  constituents, 
butter,  and  alcoholic  drinks  are  notable  instances  of  this.  ( 
which  at  first  sight  might  appear  an  exception,  is  in  reali 
so;  for  those  cheeses  which  bring  the  highest  price  are  i 
those  which  contain  the  most  butter;  whilst  butter  it 
always  dearer  than  cheese. 

"In  conclusion,  it  must  by  no  means  be  understood  tl 
would  in  any  way  depreciate  the  value  of  even  a  son 
liberal  amount  of  nitrogen  in  food.  "We  believe,  ho 
that  on  the  current  views  too  high  a  relative  importance 
tached  to  it ;  and  that  it  would  conduce  to  further  progi 
this  most  important  field  of  enquiry  if  the  prevailing  oj 
on  the  subject  were  somewhat  modified."  * 

It  mW  be  borne  in  mind  that,  at  the  time  the  statem 
view  here  (juoted  was  made,  the  opinions  expressed  were  d 
contrary  to  all  recognized  authority  on  the  subject,  an( 
since  that  date  tliat  so  much  evidence  has  been  accun 
in  regard  to  the  amounts  of  urea,  and  the  amounts  of  ca 
acid  and  other  products,  given  ofl'  under  varied  conditions 
food  and  exercise.  Still,  from  the  facts  even  then  at  comm? 
was  concluded  that  the  increased  demand  for  food  re 
from  the  exercise  of  muscular  power  was  specially  characi 
by  the  requirement  for  an  enhanced  amount  of  the  non-n 
nous  constituents.  Confirmatory  evidence  was,  howeve 
long  wanting. 

In  1854  we  selected  two  pigs  as  nearly  as  possible  of 
weight  and  character;  to  one  was  given,  ad  libitum^  lent 
(containing  about  4  per  cent,  of  nitrogen),  and  to  the  other, ; 
libitum^  barley-meal  (containing  less  than  2  per  cent.).  Aifl 
animals  had  been  kept  for  a  certain  time  on  their  res; 
foods,  one  comparative  experiment  was  conducted  for  a 
of  three  days,  and  another  for  a  period  of  ten  days, 
weights  of  the  animals  were  taken  at  the  beginning  and 
end  of  each  experiment,  and,  besides  other  particulai 
amounts  of  nitrogen  consumed  in  food,  and  voided  as 
were  determined,  t  The  result  was,  that  with  exactly 
conditions  as  to  exercise,  both  animals  being  in  fact  at  re 
amount  of  urea  passed  by  the  one  feeding  on  the  highly 
genous  lentil-meal  was  more  than  twice  as  great  as  that 

*  It  is  worthy  of  remark,  too,  that  neither  are  the  most  highly  o 
nous  wheats  the  most  valued  by  the  ^ker  for  the  purposes  of  bread-n 
nor  is  the  most  hig  hly  nitrogenous  bread  the  most  valued  by  the  chieflj 
fed  working  man.  See  ''  On  some  Points  in  the  Composition  of  ' 
grain,  its  Products  in  the  Mill  and  Bread,"  Joum.  Chem.  Soc.  vol : 

t  Phil   Trans,  part  2, 1859,  p.  554. 
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bjthe  one  fed  on  the  barley-meal.     We  have  since  made  other 
rach  experiments  with  similar  results. 

It  was  clear,  therefore,  that  the  rule  laid  down  by  Liebig, 
and  assumed  to  be  substantially  correct  by  so  many  writers,  did 
not  hold  good — ^namely,  that  "  The  sum  of  the  mechanical  effects 
prodaoed  in  two  individuals,  in  the  same  temperature,  is  pro- 
portional to  the  amount  of  nitrogen  in  their  urine  ;  whether  the 
mechanical  force  has  been  employed  in  voluntary  or  involuntary 
motions,  whether  it  has  been  consumed  by  the  limbs  or  by  the 
heart  and  other  viscera" — unless,  indeed,  as  has  been  assumed 
by  some  experimenters,  there  is,  with  increased  nitrogen  in  the 
food,  an  increased  amount  of  mechanical  force  employed  in  the 
"involuntary  motions "  sufficient  to  account  for  the  increased 
Mnonnt  of  urea  voided. 

It  was  at  any  rate  obvious  that,  if  the  amount  of  urea  voided 
by  one  animal  at  rest  could  be  from  two  to  three  times  as  great 
tt  tiiat  voided  bv  a  similar  animal  also  at  rest,  and  under  other- 
wise equal  conditions,  provided  only  that   the  food  of  the  one 
contained  from  two  to  three  times  as  much  nitrogen  as  that  of 
the  other,  the  amount  of  urea  passed  could  not  be  any  measure 
of  the  amount  of  muscular  power  exerted ;   and  this  evidence, 
oomidered  in  connection  with  that  relating  to  the  demands  of  the 
JJrtem  not  only  of  the  fattening  animal  but  of  the  animal  body 
[  «d  with  a  view  to  mechanical  exertion,  afforded  further  confir- 
^fcation  of  the  view  we  had  already  put  forward  as  above  quoted, 
id  also  led  to  the  extension  and  more  definite  expression  of  it. 
Th«  results  of  Bischoff  and  Voit,  conducted  tlirough  a  period 
:^  many  months,  with  a  dog,  either  submitted  to  hunger  or  fed 
fcwntime  to  time  on  foods  containing  very  different  amounts  of 
■ikiogenous  substance,  showed  a  very  variable  amount  of  urea 
[■  ^rf,  although  the  animal  were  kept    under    equal  conditions 
•i  to  exercise.     Still,  on  the  publication  of  those  results  in  1860, 
I  fte  authors  assumed  that  although  there  had  been  no  greater 
exercise  of  force  manifested  in  the  form  of  external  work,   yet 
when  the  amount  of    nitrogenous    substance  in  the   food  was 
peater,  and  the  amount  of  urea  voided  correspondingly  greater, 
ftere  must  have  been  a  corresponding  increase  in  the  force  ex- 
fcised  in  the  conduct  of  the  actions  proceeding  within  the  body 
^teelf  in  connection  with  the  disposition  of  the  increased  amount 
^  nitrogenous    substance    consumed.       When,   however,    they 
^bsequently  found  that    the    amount  of    urea  passed  by  the 
*Dimal  when   subjected  to  somewhat  severe   labour  was,  other 
things  being  equal,  no  greater   than   when  at  rest,  whilst    the 
^^^bonic  acid  evolved  was  much  increased  by  such  exercise,  their 
^ew  was  of  necessity  somewhat  modified. 
Again,  the  results  of  Dr.  Edward  Smith,  which  showed  great 
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variation  in  the  amount  of  urea  passed  when  there  was  concur- 
rent variation  in  the  amount  of  nitrogenous  substance  in  the 
food,  and  comparatively  little  variation  in  the  amount  of  urea 
voided  with  great  variation  in  the  amount  of  labour  performed, 
but,  on  the  other  hand,  great  increase  in  the  carbonic  acid 
evolved  with  increased  exercise  of  force,  obviously  still  further 
pointed  to  the  correctness  of  the  view  that  with  muscular  ex- 
ertion there  was  a  more  marked  increased  demand  for  the  non- 
nitrogenous  than  for  the  nitrogenous  constituents  of  food. 

That  this  was  the  necessary  conclusion  from  the  results  of 
our  own  investigations,  and  also  from  those  of  the  researches  of 
Bidder  and  Schmidt,  Bischoif,  Voit,  Pettenkofer,  E.  Smith,  and 
others,  we  have  frequently  maintained.  Indeed  the  view  urged 
in  public  discussion  has  been,  that  all  the  evidence  at  command 
tended  to  show  that  by  an  increased  exercise  of  muscular  power 
there  was,  with  increased  requirement  for  respirable  material,  pro- 
bably no  increased  production  and  voidance  of  urea,  unless,  owing 
to  excess  of  nitrogenous  matter  in  the  food,  or  a  deficiency  of 
available  non-nitrogenous  substance,  or  diseased  action,  the  nitro- 
genous constituent  of  the  fluids  or  solids  of  the  body  were  drawn 
upon  in  an  abnormal  degree  for  the  supply  of  respirable  material. 

From  the  facts  briefly  summarized  in  the  foregoing  pages,  it 
will  be  obvious  that  the  generally  accepted  views  in  regard  to 
the  adaptation  of  food,  according  to  its  composition,  to  the 
various  exigencies  of  the  animal  body,  require  modiflcation  in 
other  respects  than  in  so  far  as  they  relate  to  the  source  or 
developement  of  muscular  power  alone.  At  the  same  time  we 
hail  with  much  satisfaction  the  confirmation  of  the  views  we 
have  so  long  maintained  on  the  point  in  opposition  to  general 
authority,  which  has  recently  been  afforded  by  the  results  of 
the  interesting,  though  limited  experiment  of  Professors  Fick 
and  Wislicenus,  so  ably  discussed  by  them  in  their  paper,  and 
by  Professor  Frankland  in  his  lecture. 
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I,  Baron  Liebig  had  concluded  that  the  fat  of  Herbivora  must  be  derived 
part  from  the  carbo-hydrates  of  their  food,  but  that  it  might  also  be  pro- 
rom  nitrogenous  compounds.  MM.  Dumas  and  Boussingault  at  first  called 
don  this  view;  but  subsequently  the  experiments  of  Dumas  and  Milne- 
s  with  bees,  of  Persoz  with  geese,  of  Boussingault  with  pigs  and  ducks,  and 
atbors  with  pigs,  had  been  held  to  be  quite  confirmatory  of  Lielng*s  yiew ; 
ate  so  far  as  the  formation  of  fat  from  the  carbo-hydrates  was  concerned. 
f  however,  at  the  Bath  Meeting  of  the  British  Association,  Dr.  Hayden,  of 
read  a  paper  before  the  Physiological  Section,  in  which,  basing  his  condu- 
on  certain  physiological  considerations  of  a  purely  qualitative  kind,  he  ex- 
doubt  on  tne  point.  In  August  1866,  again,  at  a  meeting  of  the  dongress 
!ultural  Chemists,  held  at  Munich,  Professor  Voit,  from  the  results  of  experi- 
ith  dogs  fed  on  flesh,  maintained  that  fat  must  have  been  produced  from 
)genous  constituents  of  the  food,  and  that  these  were  probably  the  chief,  if 
only  source,  of  the  fat  even  of  Herbivora.  In  the  course  of  the  discussion 
)llowed,  Bairon  Laebig  disputed  this  conclusion ;  and  his  son,  Hermann  von 
has  since  written  a  paper  on  the  subject,  in  which,  illustrating  his  views  by 
s  to  experiments  with  cows,  he  admits  the  probability  that  fat  may  be 
from  nitrogenous  substance,  but  nevertheless  concludes  that  this  is  neither 
nor  even  the  chief  source  of  fat,  in  the  ordinary  feeding  of  Herbivora. 
uthors  agreed  with  the  conclusions  of  these  latter  autnorities.  The  data 
Hermann  von  Liebig  did  not,  however,  afford  conclusive  evidence  on  the 
ind  they  considered  that  the  results  of  experiments  with  cows  were,  in 
respects,  less  appropriate  for  the  purposes  of  the  inquiry  than  those  with  some 
limals.  They  snowed,  illustratmg  the  various  pomts  by  reference  to  expe- 
of  their  own,  that,  compared  with  either  cows,  oxen,  or  sheep,  the  pig  had 
less  proportion  of  alimentarv  organs  and  contents,  consumed  food  of  a  much 
character,  produced  a  much  larger  amount  of  fat  both  in  relation  to  a  given 
of  animal  within  a  given  time  and  to  the  amount  of  food  consumed,  voided 
less  proportion  of  the  solid  matter  of  its  food  in  its  solid  and  liquid  excre- 
id,  finally,  its  increase  contained  a  larger  proportion  of  fat.  For  these  rea- 
ults  obtained  with  pigs  must  be  much  more  conclusive  as  to  the  sources  in 
I  of  the  fat  which  they  yield  than  those  with  either  cows,  oxen,  or  sheep. 
!S  were  exhibited  showmg  the  results  which  had  been  obtained  by  the  authors 
(rous  experiments  with  pigs ;  and  from  these  the  following  main  conclusions 
awn : — 

lat  certainlv  a  large  proportion  of  the  fat  of  the  Herbivora  fattened  for 
food  must  be  derived  from  other  substances  than  fatty  matter  in  the  food. 
lat  when  fattening  animals  are  fed  upon  their  most  appropriate  food,  much 
stored-up  fat  must  be  produced  from  the  carbo-hydrates  it  supplies, 
lat  nitrogenous  substance  may  also  serve  as  a  source  of  fat,  more  eepeciaUy 
is  in  excess,  and  the  supply  of  available  non-nitrogenous  constituents  is 
ly  defective. 

^  For  f  niier  report,  see  the  Philosophical  Magazine  tot  De«^T!:^[Mit  \%^. 
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JN  1842,  Baron  Liebig*  maintained  that  the  fat  of  Herbivora 
must  be  derived  in  great  part  from  the  carbo-hydrates  of  their 
'•t^od,  but  considered  that  it  might  also  be  produced  from  nitro- 
S^nons  compounds.  MM.  Dumas  and  Boussin^ult  f  at  first 
^^Hei  in  question  this  view :  but  subsequently  the  experiments 
^^  Dumas  and  Milne-Edwards  J  with  bees,  of  Persoz  §  with  geese, 
>^  Bousaingault  I  with  pigs  and  ducks,  and  of  ourselveA  with 
^g«T»  were  held  to  be  quite  confirmatory  of  Liebig's  view,  at 
^ny  rate  so  far  as  the  formation  of  fat  in  the  animal  body  from 
^trbo-hydrates  was  concerned. 

In  1864,  however,  at  the  Bath  Meeting  of  the  British  Asso- 
i&tion  for  the  advancement  of  Science,  Dr.  Harden,  of  Dublin, 
Gad  a  paper  before  the  Physiological  Section,  m  which,  basing 
^  conclusions  upon  certain  physiological  considerations  of  a 
rarely  Qualitative  kind,  he  argued  that  fat  was  not  producible 
Ci  the  Dody  from  sugar  and  allied  substances,  but  that  both 
ventually  served  for  the  production  of  carbonic  acid  and  water ; 
^nd  sugar  being  the  most  readily  oxidized,  so  saved  the  com- 
J'Qfition,  and  favoured  the  storing  of  fat. 

Again,  in  August  1865,  at  a  Meeting  of  the  Congress  of 
^^ricnltural  Chemists,  held  in  Munich  (at  which  one  of  the 
wUihors  was  present).  Professor  Voit*^,  from  the  results  of  ex- 
b^ximents  with  dogs  fed  on  flesh,  maintained  that  fat  must  have 
^^^en  produced  from  the  nitrogenous  constituents  of  the  food, 
^*id  that  these  were  probably  the  chief  if  not  the  only  source  of 
^he  fat,  even  of  Herbivora.  In  favour  of  the  probability  of  this 
^cw,  Professor  Voit  refers  to  the  formation  of  adipocere  from 
f^trc^enous  substance  ;  but  he  mainly  relies  upon  the  fact  that, 
*?  experiments  by  Pettenkofer  and  himself,  in  which  large  quan- 
tities of  flesh  were  given  to  a  dog,  the  whole  of  the  nitrogen  re- 
*Pp^red  in  the  form  of  urea  and  in  the  faeces,  whilst  only  a 
Portion  of  the  carbon  was  recovered  in  the  urine,  faeces,  and  the 
products  of  respiration  and  perspiration,  from  which  it  was  oon- 
^*Qded  that  some  had  been  retained  in  the  body,  and  had  con- 

Organic  Chemistry  of  Physiology  and  Pathology,  p.  81  et  seq. 
t  Baluice  of  Organic  Natnre,  1844,  p.  116  et  seq, 
t    Omptes  Rendus  de  V  Academie  des  Sciences,  vol.  xvii.  p.  531. 
*   -Ahn,  de  Chim.  et  de  Phyt.  vol.  xiv.  p.  408  et  teq, 

jL  -Ann  de  Chim.  et  de  Phyt.  vol.  xiv.  p.  419  et  eeq. ;  xviii.  p.  444  et  tteq. 
fJ^**  On  the  Composition  of  Foods  in  relation  to  Respiration  and  the 
J°^^iiiff  of  Animals,"  Report  of  the  British  Association  for  the  Advance- 
^t  of  Science  for  1852. 

Vertuehi'^StaHoneii  Organ,  vol.  viii.  No.  1, 1866,  p.  23. 
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tributed  to  tbe  fonnation  of  fat.  That  animals  neverth 
not  become  fat  when  fed  upon  very  highly  nitrogenoc 
Voit  considers  sufficiently  explained  by  the  greater  nui 
blood-corpuscles,  the  result  of  such  diet,  and  the  greatly  ir 
activity  of  oxidation  of  nitrogenous  substance  under  su* 
ditions ;  whilst,  on  the  other  hand,  the  accumulation  of  f; 
fat  and  carbo-hydrates  are  supplemented  to  a  liberal  nitr 
diet,  he  considers  to  be  connected  with  the  much  less 
oxidation  of  the  nitrogenous  substance  and  fatt^  matter  th 
takes  place,  rather  than  attributable  to  the  direct  proda 
fat  from  the  carbo-hydrates. 

In  the  discussion  which  followed  the  reading  of  P 
Voit's  paper.  Baron  Liebig  forcibly  called  in  question  P 
Yoit^s  conclusions,  maintaining  not  only  that  it  was  ij 
sible  to  form  conclusions  on  such  a  point  in  regard  to  H( 
from  the  results  of  experiments  made  with  Camivora,  l 
that  direct  quantitative  results  obtained  with  herbivorous 
had  afforded  apparently  conclusive  evidence  in  favour 
opposite  view. 

Since    the    Munich  Meeting,   Hermann  von   Liebig, 
Baron  Liebig,  has  written  a  paper  on  the  subject*,  in 
admitting  the  probability  that  fat  may  be  formed  fron 
^enous  substance,  he  nevertheless  concludes  that  this  is 
its  only,  nor  even  its  chief  source,  in  the  ordinary  fee< 
Herbivora. 

After  referring  to  the  leanness  of  the  South  Russian  sh< 
who  consume  very  large  quantities  of  dried  meat,  and 
rotundity  of  the  peasantry,  especially  the  women,  in  ( 
where  bread  and  fruits  constitute  the  chief  articles  of  f 
von  Liebig  proceeds  to  illustrate  the  formation  of  fat  fro 
nitrogenous  constituents  of  food  by  our  domestic  Herbi^ 
the  calculation  of  the  results  of  numerous  experiment 
with  cows  in  1857,  by  Knop,  Arendt,  and  Behr,  in  wh 
details  as  to  food,  live-weight,  and  quantity  and  composi 
milk,  were  accurately  recorded.  According  to  the  m(^e 
culation  adopted,  it  appeared  that,  after  deducting  fr 
amount  of  nitrogenous  suDstance  taken  in  the  food,  that  es 
to  be  required  by  the  system  for  other  purposes,  th 
generally  little  or  none  remaining  for  the  production  of  1 
his  calculations,  however,  H.  von  Liebig,  besides  takii 
account  the  probable  amount  of  nitrogenous  substance  sti 
in  increase  with  gain  of  weight,  or  set  at  liberty  when  th 
loss  of  weight,  as  the  case  might  be,  deducted  from  the 
of  nitrogenous  substance  given  in  the  food,  not  only  i 
quired  for  the  production  of  the  caseine  of  the  milk,  I 

*  Veriuehi''8tati(men  Or^n,  voL  viiL  No.  8,  1866. 
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^  whole  of  that  estimated  to  be  required  for  the  mere  suste- 
napce  of  the  animal  (according  to  its  weight),  independently  of 
g&in  or  loss,  or  milk  produced. 

It  is  obvious,  however,  as  pointed  out  by  Yoit,  and  as  after- 

^vuds  admitted  by  H.  von  Liebig,  that  if  nitrogenous  substance 

maj  break  up  into  urea  and  fat  (with  other  products),  the  amount 

vtunated  to  be  re(][uired  for  the  mere  sustenance  of  the  body 

>hoiiId  not  be  considered  inadmissible  for  the  formation  of  fflU^ 

tt  one  of  its  products,  and  therefore  should  not  be  deducted 

(with  that  appropriated  for  the  production  of  increase  and  of  the 

Ciaeine  of  tne  milk)  from  the  amount  supplied  in  the  food  in 

Mimating  whether  or  not  it  provided  sufficient  for  the  formation 

of  the  fat  known  or  calculatea  to  be  produced. 

H.  von  Liebig  states  that  he  selected  experiments  with  cows  as 
the  basis  of  his  illustrations,  considering  that,  when  in  a  normal 
■tete,  the  change  in  the  solid  substance  of  the  body  of  the  animal 
was  comparatively  small,  if  not  indeed  immaterial,  and  that  the 
fixed  products  of  the  food,  beyond  what  might  be  required  for 
the  mere  maintenance  of  the  body,  were  accumulated  and  easily 
oatimated  in  the  milk  collected ;  whilst  he  cotisidered,  on  the 
other  hand,  that  the  point  in  question  could  not  be  settled  by 
t<eCerenoe  to  results  relating  to  fattening  animals,  without  the  aid 
of  an  apparatus  for  the  determination  of  the  products  of  respiration 
•lid  perspiration.  We  believe,  however,  that  with  a  proper  selec- 
tion  of  fattening  animals  it  may  be  satisfactorily  illustrated 
Without  the  aid  of  any  such  apparatus ;  and  it  is  the  object  of 
tliis  paper  briefly  to  discuss  the  question  of  the  sources  of  the 
(^  of  tne  animal  body  by  reference  to  the  results  of  experiments 
^ifeh  such  animals. 

As  abeady  intimated,  the  objections  of  Dr.  Hayden  to  the 
^opposition  that  fat  is  formed  from  the  carbo-hydrates  of  the  food, 
^<ae  based  upon  physiological  considerations  of  a  qualitative,  but 
iHA  at  all  of  a  quantitative  kind.  Yoit's  argument  was,  on  the 
^ther  hand,  founded  upon  strictly  quantitative  results,  obtained, 
^Hmever,  under  conditions  as  to  choice  of  animal  and  of  food,  in 
^hioh  the  formation  of  fat,  if  it  took  place  at  all,  must  of  ne- 
^BQty  be  attributed  to  the  nitrogenous  constituents  consumed. 
B*  von  Liebig  also  relied  upon  quantitative  results  as  the  basis  of 
■^  illustrations ;  but  those  selected,  when  properlv  considered, 
horded,  to  say  the  most,  only  negative  evidence  on  tne  point. 

.  The  question  arises — ^What  description  of  animal  is  likely  to 
Tield  the  most  direct  and  conclusive  evidence  as  to  the  source 
pf  the  fat  stored  up  in  its  body  ?  Obviously  the  one  which 
^  fed  more  especiaUy  with  a  view  to  the  production  of  fat, 
I^Mch  consumes  in  its  most  appropriate  fattening  food  a  re- 
Wiively  large  proportion  of  carbo-hydrates,  and  which  yields  a 
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large  proportion  of  fat,  both  in  relatitm  to  the  weight  of  uiimiJ 
wiUiin  a  given  time,  and  to  the  amonnt  of  food  cooBnined.  The 
following  Table  (I.),  which  Bummarisea  the  reenlts  of  a  gieit 
many  direct  expenmenta  of  our  own  ',  will  show  that  of  llw  oi, 
the  ^leep,  and  the  pig — the  most  important  of  the  animala  fed 
and  slaughtered  as  human  food — the  last  [a«-eminentl7  mffSa 
the  reqmred  conditions. 


Tabls  I. — Comparative  fattening-qualities  of  different  animak.     r 

Oxen. 

Sh«p,|*l     » 

Balmtion  of  puts  in  100  live-weight.                             |    f 

Avaragool „ 

16 

S*9 

"  1 

J 1-6 
2-7 

TS 

3-6 

1 

Heart,  -orta,  Innpi,  windpipe,  li«ir,  gftll-blrndder  I 

14  S 
7-0 

III 
7S 

:: 

Per  100  live-weight 

1 

13-G 

16-0 1  tm     1 

■■"1 « 

Increase  yielded  per  week   

Per  100  dry  snbatJUice  of  food. 

1  1 

S'2 

6-2 
3G'5 

8-0 
7i) 
91-9 

1&1 1 

I^tI 

Average  fat  pel  cent. 

, A 

16-0 

SO-0 

<>no 

IB'O 

ss-o 
ae-o 

wt  K 

Looking  first  to  the  comparative  atmctnre  of  the  aQimah,  sC^ 
for  as  it  may  be  considered  characteristic  or  indicative  of  the  de-^ 
ecription  of  the  food,  it  is  seen  that,  of  stomach  and  oontcnU,  ' 
the  rominant  oi  has  a  much  lai^r  proportion  than  the  mmi- 
nant  sheep,  and  the  ruminant  sheep  in  ita  torn  much  more  ^lan 
the  non>raminating  pig.     Consistently  with  these  facts  we  find 
that  the  01  consumes  in  its  food  a  much  larger  proportion  of 

*  For  the  d»ta  npoo  whioh  moat  of  the  avenge  remit*  ffivm  Ib  it» 
Table  are  foonded,  we  "  Experimental  Inqai^  Into  the  Cmmotltimt  of 
■ome  of  the  Animals  fed  and  alaoghtared  aa  Enman  Food,"  PhiL  Tntui. 
Part  n.  18f  9.  In  the  eatimatea  given  "  per  100  Uve-welght  "  and  "  pn 
100  dry  •nhatanoa  of  food, "it  ii  ummed  dwt  thsoxon  and  ahaap  an  hW 
nllr  fed  OB  oil-oake,  olover-ofaaff,  and  nuta,  and  the  figt  on  harhj  wmI 
alone  ;  with  different  food«  the  reenlla  will,  ot  comae,  be  df~ — ' 
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^J  lioiriy  digestible,  or  indigestible,  cellulose  than  the  sheep, 
w  the  sbdep  again  very  much  more  than  the  pig.    The  usual 
food  of  oxen  and  sheep,  consisting  as  it  does  in  large  proportion 
of  unripened  or  imperfectly  ripened  vegetable  matter,  uj,  m  fact, 
ttaentially  crude,  containing  not  only  a  considerable  amount  of 
defectively  elaborated    and  probably   unassimilable    nitrogenous 
sabBtanoe,  but  also  a  large  proportion  of  comparatively  indiges- 
tible   non-uitrogenous    matter.      Accordingly,  complexity    and 
gicat  capacity  of  stomach,  and  slow  progress  of  the  food  through 
the  oigan,  are  characteristics  of  the  structure  aud  digestive  pre- 
ss of  the  animals. 

Of  intestines  and  contents,  on  the  other  hand,  the  ox  has  a 
proportion  than  the  sheep,  and  the  sheep  considerably  less 
than  the  pig. 

In  fact,  the  relatively  very  small  proportion  of  stomach  and 
oontents,  and  relatively  very  large  proportion  of  intestines  and 
oontttits  in  the  pig  are  very  striking.  But  when  we  consider 
that  his  most  appropriate  fattening  food  consists  of  ripned  seeds 
and  highly  starchy  roots,  containing  Uttle  indigestiole  woody 
fil^  and  their  non-nitrogenous  constituents  almost  wholly  in 
the  form  of  starch,  the  primary  change  of  which  is  known  to 
^ftke  place  almost  throughout  the  length  of  the  intestinal  canal, 
the  reason  of  the  relatively  small  proportion  of  stomach,  and 
bm  proportion  of  intestines,  seems  to  be  at  once  apparent. 

Passing  from  a  consideration  of  the  receptacles  and,  so  to 
^Mk,  first  laboratories  of  the  food,  we  will  only  remark,  in  refer- 
^Bi&oe  to  the  remaining  results  given  in  the  upper  portion  of  the 
^^e,  that,  of  what  may  be  call^  the  further  elaborating  organs 
^  the  body,  and  their  fluids — the  heart,  liver,  lungs,  blood,  &c. 
Z — the  proportion,  taken  in  the  aggregate,  is  strikingly  similar 
11^  fbe  tnree  descriptions  of  animal. 

.  The  second  division  of  the  Table  shows  that,  notwithstanding 
*^  much  larger  proportion  of  stomach  and  contents,  the  ox  con- 
•'inies,  for  a  given  live-weight  within  a  given  time,  only  about 
three-fourths  as  much  dry  substance  of  the  food  as  the  sheep,  and 
■^*B  than  half  as  much  as  the  pig  with  its  very  small  proportion 
^^  stomach  and  contents.  The  ox  gives,  too,  in  proportion  to  a 
^Ven  live-weight  within  a  given  time,  much  less  increase  than 
^  sheep,  and  only  from  one-fifth  to  one-sixth  as  much  as  the  pig. 
Heckoned  in  proportion  to  a  given  amount  of  dry  substance 
r  ^ood  consumed,  the  ox  gives  less,  both  of  total  dry  substance 
^increase  and  of  fat  in  increase,  than  the  sheep,  and  only 
j^nt  one-third  as  much  of  either  as  the  pig,  whilst  tlie  ox  voids 
^dry  substance  in  faeces  and  urine  the  largest  proportion,  the 
^'^^ep  somewhat  less,  and  the  pig  little  more  than  half  as  much 
^  tihe  sheep,  and  less  than  half  as  much  as  the  ox. 
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Lastly,  the  proportion  of  fat,  whether  reckoned  in  relation 
the  total  wei^t  of  the  body,  or  to  the  weight  of  the  increaskc 
whilst  fattening,  is  greater  in  the  sheep  than  in  the  ox,  an  d 
greater  still  in  the  pig. 

Whilst  referring  to  the  connexion  between  the  weight  and 
capacity  of  the  stomach  and  the  character  of  the  food,  it  will  nofc 
be  without  interest  to  call  attention  to  the  gradation  in  the  pro- 
portion from  the  ox  to  the  sheep,  from  the  sheep  to  the  pig,  and 
from  the  pig  to  man.  Below  is  given  the  approximate  average 
proportion  of  stomach,  by  weight,  in  100  live-weight  of  each. 


Oxen. 

Sheep. 

KgB. 

Man. 

819 

2-44 

0-88 

0-38 

Without  assuming  that  relative  weight  represents  with  nume- 
rical exactitude  relative  capacity  or  size,  we  nevertheless  cannot 
doubt  that  these  figures  have  a  very  obvious  significance.     Thus, 
the  ox  consumes  the  largest  proportion  of  difficultly  digestibk 
or  indigestible  woody-fibre,  the  sheep  less,  the  pig  scarcely  any, 
but  a  much  larger  proportion  of  comparativelv  easily  digest- 
ible starch,  whilst  man,  within  certain  limits,  the  better  he  is 
fed  the  less  does  the  non-nitrogenous  portion  of  his  food  oonnst 
of  starch,  and  the  more  of  the  much  more  highly  concentrated 
alimentary  substance  fat,  produced  for  him  from  much  less  con- 
centrated vegetable  food-materials  by  the  animals  which  he  feeds 
for  his  own  consumption. 

Prom  the  facts  wnich  have  been  briefly  stated,  it  will  be  obvio* 
that,  of  the  most  important  animals  which  we  feed  for  hnntf* 
food,  the  pig  offers  many  advantages  as  a  subject  for  the  consi* 
deration  of  the  source  in  the  food  of  the  fat  which  he  yidi      j 
Thus,  for  a  given  live-weight  he  comprises  a  comparatively  smi* 
proportion  of  alimentary  organs  and  contents,  and  he  oonsum^ 
a  large  proportion  of  food,  and  yields  a  large  proportion  both  o* 
total  increase  and  of  fat,  within  a  given  time  ;  his  food  is.  ^ 
such,  of  a  high  character,  yielding,  compared  with  that  of  oic^ 
or  sheep,  for  a  given  weight  of  it  much  more  total  increase,  moc* 
more  fat,  and  much  less  excreted  and  necessarily  effete  matted  » 
whilst  his  proportion  of  fat  is  the  greatest,  both  in  a  given  1*^^ 
weight  and  in  his  increase  whilst  fattening.      It  results  th^ 
changes  in  his  live-weight  are  in  a  mnch  less  degree  likely  to  ^ 
influenced  by  variation  in  the  amount  of  the  contents  of  .f^^f 
stomach  and  intestines,  and  are    therefore    much    more  ^'^^ 
indications  of  real  increase  of  the  substance  of  the  body,  a*^" 
hence  that  there  is  much  less  probable  range  of  error  in  c*^i!i 
lating  the  amount  and  composition  of  the  increase  in  live-wei^j^ 
in  relation  to  the  amount  and  composition  of  the  food  wdsoXO^^' 
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In  fact,  from  the  very  opposite  characters  of  the  raminant  in 
ttoe  respects,  it  is  very  mach  less  appropriate  for  the  purpose 
of  estimating  the  sources  in  its  food  of  the  fat  of  its  boay.  It 
is  tme,  that  there  is  the  advantage  with  the  cow,  that  that  im« 
portAnt  product  of  the  food — the  milk — is  collected  externally 
to  the  body,  and  hence  its  amount  and  composition  can  be  easily 
<lfi^sniiined ;  but  the  changes  of  weight  of  the  animal  itself, 
ftoQgh  comparatively  small,  are  due  to  a  greater  variety  of  cir- 
pomrtanoes,  and  can,  therefore,  with  less  of  certainty  be  properly 
interpreted  than  even  in  the  case  of  either  the  ox  or  the  sheep. 
Indeed,  when  experiments  are  conducted  with  cows  or  oxen,  or 
f^^n  with  sheep,  for  periods  of  a  few  weeks  only,  the  variation 
]^  live-weight  may  in  very  great  proportion  be  due  to  variation 
^  the  contents  of  the  alimentary  organs  merely. 

The  selection  and  calculation  of  results  brought  to  view  in 
I^ble  II.  (p.  8)  win  show  that»  when  experiments  are  conducted 
^tii  pigs  fed  on  good  fattening  food,  for  periods  of  not  less  than 
^ght  or  ten  weeks,  the  amounts,  both  of  total  increase  and  of 
^  stored  up,  are  so  great  in  proportion  both  to  the  original 
^^^ht  of  the  animal  and  to  the  food  consumed,  that  the  data 
Bo  obtained  may  be  safely  relied  upon  as  a  means  of  estimating, 
^ifth  sufficient  accuracy  for  the  purposes  of  the  present  discus- 
>ioii,  from  what  constituent  or  constituents  of  the  food  the  fat 
^  the  animals  has  been  derived. 

Experiment  1. — In  this  experiment  two  pigs  of  the  same  litter, 
tf  equal  weight,  and,  as  far  as  could  be  judged,  of  similar  charac- 
^,  were  selected.  One  was  killed  at  once,  and  the  amount  of 
tolal  dry  or  solid  matter,  nitrogenous  substance,  fat,  and  mi- 
iieral  matter,  in  its  body,  determined.  The  other  was  then  fed 
for  a  period  of  10  weeks  on  a  good  mixed  food,  containing, 
however,  a  more  than  usually  high  proportion  of  nitrogenous 
^bstance.  It  was  then  weighed  and  killed,  and  its  composi- 
tion was  determined  as  in  the  case  of  the  other  animal.  The 
^^^CBolts  so  obtained  supplied  an  important  portion  of  the  data 
f^oisite  for  the  calculation  of  the  composition  of  the  increase 
in  the  other  cases  *.  The  food  consisted  of  a  mixture  of  bean- 
^^fial,  lentil-meal,  and  bran,  each  one  part,  and  barley-meal 
^hpee  parts,  given  ad  libitum. 

*^r  farther  details  relating  to  this  and  the  other  experiments,  we 

^^  refer  to  oar  former  papers,  as  follows: — "  On  fhe  Composition  of 

''^^J'odB  in  relation  to  Respiration  and  the  Feeding  of  Aninuus  "  Report 

^^  the  British  Association  for  the  Advancement  of  Science  for  1852. 

^^^^Goltaral  Chemistry  :    Pig  Feeding/'  Joam.  Roy.  Ag.  Soo.   Eng. 

2^U  xIt.  part  2,  1853.    "  On  the  EkLaivalency  of  Starch  and  Sagar  ui 

^'^Hid,"  Report  of  the  British  Association  for  1864.    "  Experimental  In- 

2^i£/  into  the  Composition  of  some  of  the  Animals  Fed  and  Slanghtered 

^^  Human  Food,"  Phil.  Trans,  part  2,  1859. 
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Eitperiments  2  &  8. — In  both  these  experiments  the  pro- 
Drtion  of  nitrogenous  substance  in  the  food  was  very  lai^ ; 
le  relation  of  non-nitrogenons  to  one  of  nitrogenous  substance 
eiDg  in  Exp.  2  little  more  than  half,  and  in  Exp.  8  little  more  than 
ne-third  as  much  as  is  usual  in  the  recognized  good  fattening 
[>od  of  the  animal.  In  Exp.  2  the  food  consisted  of  bran, 
»ean  and  lentil-meal,  and  Indian-meal,  each  given  separately, 
nd  ad  liUium ;  and  in  Exp.  8  of  an  equal  mixture  of  bean  and 
entil-meal  only,  given  ad  libitum. 

Experiments  4  &  5. — In  Exp.  4  the  food  consisted  of  In- 
iian  meal  only,  and  in  Exp.  5  of  barley-meal  only,  in  each  case 
pven  ad  libitum.  Barley-meal  is  undoubtedly  the  most  approved 
staple  fattening  food  of  the  pig ;  and  the  result  was  that,  in 
X)th  these  experiments,  the  proportion  of  non-nitrogenous  to 
nitrogenous  substance  in  the  food  was  very  nearly,  though 
*<^her  higher  than,  the  average  in  that  which  is  recognized  as 
'he  most  appropriate  fattening  food  of  the  animal. 

Experiments  6,  7,  8,  &  9. — The  peculiarity  of  this  series 
^8,  that  the  food  contained  less  ready- formed  fat  than  was  the 
iase  in  either  of  the  other  experiments,  and  that  a  large  pro- 
[Portion  of  the  non-nitrogenous  substance  supplied  was  in  the 
form  of  either  pure  starch,  pure  sugar,  or  both.  In  Exps.  6, 
7  &  8,  a  fixed  quantity  of  lentil-meal  and  bran  (averaging 
■nearly  3^  lbs.  lentil-meal  and  about  9  ounces  bran)  was  given 
per  head  per  day,  and,  in  addition,  in  Exp.  6  sugar,  in  Exp.  7 
Jtarch,  and  in  Exp.  8  sugar  and  starch,  each  separately,  ad 
'*bitum.  In  Exp.  9  lentil-meal,  bran,  sugar,  and  starch  were 
^h  given  separately,  ad  libitum. 

The  figures  gi\ren  in  the  Table  show  that  the  increase  in 
^^ght  was  in  no  case  less  than  50,  and  in  several  nearly,  and 
'i  one  more  than  100  per  cent ,  upon  the  original  weight  of 
he  animals ;  the  amounts  ranging  from  51*8  to  68*9  per  cent, 
^hen  the  experiment  extended  over  eight,  and  from  85*4  to 
^6-8  per  cent,  when  it  extended  over  ten  weeks. 

The  determined  or  estimated  amount  of  fat  stored  up  in  the 
'icrease  was  also  in  all  cases  very  large,  amounting  to  68  per 
^t.  of  the  total  increase  in  Exp.  1,  in  which  it  was  experi- 
mentally determined,  and  calculated  to  be  even  more  than  this 
^  Several  of  the  other  cases.  The  tendency  to  error  in  the  cal- 
[^lations  would,  however,  be  to  give  the  proportion  too  low  in 
*^1».  6,  7,  8  &  9,  which  were  conducted  over  a  period  of 
-^  weeks,  and  in  which  the  proportion  of  increase  upon  the 
^ginal  weight  was  very  high,  and  to  give  it  too  high  in  Exps. 
•  S,  4  &  5,  conductea  only  over  eight  weeks,  but  more  espe- 
^Uy  in  Exps.  2  &  4,  in  which  the  proportion  of  increase 
pon  the  original  weight  was  comparatively  small.    The  range 

the  probable  error  of  calculation  here  indicated  is,  however, 
^t  such  as  in  any  degree  to  throw  doubt  upon  the  validity  of 
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any  conclusions  which  will  be  drawn  from  the  indication*      of 
the  figures  as  they  stand. 

It  is  seen  that,  of  the  determined  or  estimated  total  fat  stored 
ap  in  the  increase,  the  proportion  which  could  possibly  tuave 
been  derived  from  the  ready-formed  fat  of  the  food,  even  sup 
posing  the  whole  of  that  supplied  had  been  assimilated,  was  so 
small  as  to  leave  no  doubt  whatever  that  a  very  large  propor- 
tion of  the  stored-up  fat  must  have  been  produced  from  other 
constituents  than  the  read^-formed  fatty  matter  of  the  food. 
According  to  the  figures  given  in  the  Table,  the  proportion  ^^ 
fat  which  must  have  been  so  produced,  ranged  from  aoout  tir^> 
thirds  to  about  ei^ht-ninths  of  the  total  amount  stored  up. 

Assuming  it,  then,  to  be  established  beyond  doubt,  tnat  th& 
was  a  very  large  formation  of  fat  within  the  body  from  oth' 
constituents  tlSin  the  fatty  matter  of  the  food,  the  questio^:^ 
arise,  whether  this  large  amount  of  produced  fat  could  possr 
bly  have  been  derived  from  the  nitrogenous  constituents  of  t^^^ 
food  ?  or  whether  it  must  of  necessity  have  had  its  source,  £  ^ 
greater  or  less  proportion,  in  the  carbo-hydrates  at  the  saic^^ 
time  suppjlied  ?    The  results  adduced  aflfora  conclusive  evidence 
on  this  point  also. 

The  figures  show  that,  after  deducting  from  the  total  amoac^  ^ 
of  nitrogenous  substance  consumed  for  the  production  of  100  Ib^^ 
of  increase  in  live-weight,  the  small  amount  estimated  to  \^^ 
stored  up  in  the  increase,  there  remains  a  very  large  proporti(^^^ 
available,  it  may  be,  for  the  production  of  fat  with  other  prodocU^ 

If  we  next  compare  the  amount  of  carbon  in  the  estimato^^ 
producsd  fat,  with  the  amount  contained  in  the  nitrc^nous  foi^^ 
stance  of  the  food  not  stored  ap  as  increase,  miniu  that  co>^^ 
tained  in  the  urea  which  would  be  one  of  the  final  products  9^ 
the  breaking  up  of  this  nitrogenous  substance  (or  its  equivp*^ 
lent  given  off),  the  result  shows  in  some  cases  an  excess,  and  '^^^ 
others  a  deficiency,  of  carbon  possibly  available  from  the  nil 
genous  constituents  of  the  foo<(  compared  with  that  required 
the  formation  of  the  fat  estimated  to  be  derived  from  d 
constituents  than  the  ready-formed  fat  in  the  food.  -^r^ 

Beckoned  to  the  standard  of  100  carbon  in  the  estimafcec^^^^ 
produced  fat,  it  is  seen,  as  shown  in  the  two  bottom  lines  (^^ 
the  Table,  that  in  Exps.  1,  2  &  3,  in  which  the  proportioC^^ 
of  non-nitrogenous  to  nitro^nous  substance  in  the  food  \ 
(especially  in  Exp.  8)  considerably  less  than  in  such  food 
experience  has  shown  to  be  the  most  appropriate  in  the  tMmr- 
ing  of  the  pig — that  is  to  say,  in  whicn  the  nitrogenoiu 
stuioe  was  in  considerable  excess  over  the  amount  sad  propor^ 
tion  usually  snpplied^there  was»  aocordinff  to  the  oalciilataoiL  ' 
more  than  samcient  carbon  possibly  avaibble  from  the  nil 
genous  substance  of  the  food  ror  the  formation  of  the  fiit 
mated  to  be  produced. 
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.  I^  Exps.  4  &  5,  however,  in  which  the  relation  of  the  non- 
itrogenoas  to  the  nitrogenous  suhstance  in  the  food  was  much 
iore  nearly  that  in  the  usual  food  of  the  well-fed  fattening  pig, 
'  is  reckoned  that  there  was  about  40  ner  cent,  of  the  caroon 
f  the  produced  fat  which  could  not  possibly  have  been  supplied 
om  the  nitrogenous  constituents  of  tne  food. 

In  the  other  experiments  (Nos.  6,  7,  8  &  9),  in  which 
fain  the  proportion  of  the  non-nitrogenous  to  the  nitrogenous 
nstituents  of  the  food  was  lower  than  usual  (though  not  so 
nch  so  as  in  Exps.  1,  2  &  8) — in  which,  in  fact,  the  nitro- 
nous  constituents  were  in  excess — there  was  still  a  consider- 
le  proportion  of  the  carbon  of  the  produced  fat  which  the 
Exogenous  constituents  of  the  food  could  not  possibly  have 
pplied. 

Tt  is  hardly  necessary  to  point  out  that,  according  to  the 
ode  of  illustration  we  have  adopted,  the  figures  show,  not  only 
e  utmost  proportion  of  the  carbon  of  the  stored-up  fat  whicn 
»Tild  possibly  have  had  its  source  in  the  nitrogenous  substance 
the  food,  but  even  notably  more  than  could  possibly  have 
«n  so  derived.    Thus,  to  say  nothing  of  other  considerations, 

has  been  assumed  for  simplicity  of  illustration,  and  granted 
•r  the  sake  of  argument,  that  the  whole  of  the  ready-formed 
tty  matter  of  the  food  contributed  to  the  fat  stored  up,  that 
^e  whole  of  the  nitrogenous  substance  of  the  food  not  stored  up 

increase  would  be  perfectly  digested  and  become  available  for 
^^  purposes  of  the  system,  and  that  in  the  breaking  up  of  the 
Erogenous  substance  for  the  formation  of  fat  no  other  carbon- 
^pounds  than  fat  and  urea  would  be  produced.  It  is  ob- 
^Us,  however,  that  these  assumptions  are  in  part  improbable, 
d   in  part  quite  inadmissible,  and  that  the  tendency  of  each 

them  is  to  show  too  large  a  proportion  of  the  produced  fat 

have  been  possibly  derived  from  the  nitrogenous  constituents 
tte  food. 

1?he  amount  of  fat  necessarily  derived  from  other  sources 
^an  the  nitrogenous  constituents  of  the  food  must  therefore 
^  greater  than  our  mode  of  estimate  can  indicate ;  and  it  is 
bvious,  from  the  figures  given  in  the  Table,  that  the  less  the 
Xoess  of  nitrogenous  sul^tance  in  the  food,  the  CTeater  was 
he  proportion  of  produced  fat  which  must  necessarily  have  had 
Is  source  in  the  carbo-hydrates  of  the  food,  and  that,  at  any  rate 
n  those  cases  in  which  the  proportion  of  non-nitrogenous  to 
litrogenous  constituents  supphed  was  the  more  nearly  that 
locurring  in  the  admittedly  most  appropriate  fattening  food  of 
he  animal,  the  proportion  of  the  fat  which  must  necessarily 
Ave  been  deriveafrom  the  carbo-hydrates  was  very  large,  even 
llowing  all  that  was  possible  to  have  been  produced  horn  the 
litrogenous  substance  of  the  food. 

Tlmt,  nevertheless,  fat  may  be  produced  in  the  animal  body 
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at  the  expense  of  nitrogenous  substance,  in  greater  or  less 
degree  according  to  tlie  character  of  the  animal  and  of  the  food, 
not  only  chemical  and  physiological  considerations,  but  direct 
experimental  evidence  would  lead  us  to  conclude.  Indeed  we 
have,  in  former  papers  already  referred  to,  called  attention  to  the 
fact  that  the  results  of  our  experiments  with  fattening  animals, 
when  carefully  considered,  afford  evidence  in  favour  of  such  a 
conclusion.  To  discuss  the  point  satisfactorily  on  the  present 
occasion,  by  the  aid  of  figures,  would,  however,  unduly  extend 
the  limits  of  our  paper. 

But,  as  indicating  the  bearing  of  the  results  referred  to,  it 
may  be  stated,  in  passing,  that  in  numerous  cases,  otherwise 
comparable,  but  in  which  the  amount  and  proportion  of  the 
nitrogenous  constituents  consumed  varied  very  greatly,  the 
results  clearly  showed  that,  neither  the  amount  of  food  con- 
sumed, nor  the  amount  of  increase  in  live-weight  produced, 
bore  any  direct  relation  to  the  amount  of  nitrogenous  substance 
supplied.  On  the  other  hand,  both  the  amount  of  food  con- 
sumed, and  the  amount  of  increase  produced,  bore  a  very  close 
relation  to  the  supply  of  digestible  non-nitrogenous  ooosti- 
tuents,  and  even  a  closer  relation  still  to  the  amount  of  total 
digestible  dry  organic  substance  (that  is,  nitrogenous  and  non- 
nitrogenous  taken  together)  ;  whilst,  so  far  as  could  be  judged 
from  careful  observation,  the  proportion  of  nitrogenous  to  non- 
nitrogenous  substance  (fat)  in  the  increase  did  not  vary  in  any- 
thing like  a  corresponding  degree  with  the  variation  in  the  pro- 
portion of  the  nitrogenous  and  non-nitrogenous  constituents  in 
the  food.  The  animals  consuming  excessive  amounts  of  nitro- 
genous substance  did,  indeed,  show  a  greater  tendency  to  in- 
crease in  frame  and  flesh  ;  but  they  nevertheless  bec^mie  ftit. 
It  would  appear,  that  the  excess  of  nitrogenous  substance  had 
acted  vicariously  in  defect  of  a  greater  supply  of  the  non-nitro- 
genous constituents,  contributing  material  not  only  to  meet  the 
respiratory  exigencies  of  the  animal,  but  also  for  the  production 
of  fat. 

The  main  conclusions  in  regard  to  the  sources  of  the  fat  of  the 
animal  body  to  which  the  evidence  adduced  has  led,  may  be 
briefly  stated  as  follows  : — 

1.  That  certainlv  a  large  proportion  of  the  fat  of  the  Herbi- 
vora  fattened  for  human  fooa  must  be  derived  from  other  sab- 
stances  than  fatty  matter  in  the  food. 

2.  That  when  fattening  animals  are  fed  upon  their  most  ap- 
popriate  food,  much  of  their  stored-up  fat  must  be  inx)diiced 
from  the  carbo-hydrates  it  supplies. 

3.  That  nitrogenous  substance  may  also  serve  as  a  somce  of 
fat,  more  especially  when  it  is  in  excess  and  the  supjdy  of 
available  non-nitrogenous  constituents  is  relatively  defective. 
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Dr.  J.  H.  Gilbert  observed,  through  the  Secretary,  that  then 
could  be  no  doubt  whatever  that  the  interception  or  dry  processes 
referred  to  by  Mr.  Redgrave  were  an  immense  improvemeut 
upon  the  old  midden-pit  or  common  privy  systems ;  but  no  such 
plan  could  be  accepted  as  a  solution  of  the  sewage  difficulty. 
About  four-fifths,  or  more,  of  the  manurial  value  of  human  excretal 
matters  were  due  to  the  urine.  It  was  a  desideratum  with  all  such 
systems  to  exclude  as  much  of  the  urine  as  possible,  and  the 
complete  separation  of  the  liquid  from  the  solid  dejections  had 
been  recommended.  Of  course,  this  would  much  reduce  the  value 
of  any  dry  maniu'e  so  produced,  which  was  already  so  low  as  not  to 
be  worth  more  than  its  carriage  beyond  the  immediate  locality. 
Without  such  special  separation,  at  the  outside  about  one-third  of 
the  urine  would  be  collected  with  the  faeces.  Under  any  such  dry 
system  there  was,  therefore,  from  two-thirds  to  the  whole  of  the 
urine,  besides  all  wash  and  other  house  drainage,  still  to  be  deih 
with ;  and  if  the  liquid  had  to  go  into  a  stream  which  served  as  the 
water  supply  for  other  populations,  sooner  or  later  purificati(m 
would  be  enforced.  Passing  the  liquid  through  land  was  not  only 
the  best  mode  of  purification,  but  promised  the  greatest  return  for 
the  constituents  it  contained — whether  profit  to  the  towns,  depended 
on  many  local  circumstances.  Then  as  to  precipitation  methods. 
There  could  be  no  doubt  that  any  one  of  those  referred  to  by  Mr. 
Shelford  would  be  a  vast  improvement  upon  doing  nothing  what- 
ever with  sewage  that  had  to  be  turned  into  an  open  stream.  No 
such  plan  was,  however,  likely  to  collect  more,  and  would  generally 


*  These  remarks  were  commimicated  to  the  Secretary  of  the  Institiitiaii  of 
Civil  Engineers  in  reference  to  the  Papers  by  Mr.  Redgrave  ^  On  Sewage  Inter- 
ception Systems,  or  Dry  Sewage  Processes,"  and  by  Mr.  Shelford  ''On  the 
Treatment  of  Sewage  by  Precipitation,"  read  March  28, 1876. 
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»llect  les8,  than  one-fourth  of  the  nitrogeu  of  the  tewage  in  the 
i«)id  manure.  ThU  one-fourth  was,  moreover,  the  laaat  active  and 
«aHt  valuable  part.  Tbeee  plane  aleo,  aa  a  rule,  carrie<l  down  tLu 
:iho6pbatee,  but  in  a  precipitated,  not  in  a  soluble,  form ;  and  in  nioru 
:han  oue  scheme  soluble  phosphate  had  been  used,  and  wae  con- 
>'ertod  from  thie  more  valuable  into  the  less  valuable  precipitated 
xindition.  The  estimate  of  the  value  of  the  nitrogen  (reckoned  as 
tmmoitia}  in  sucb  a  manure,  containing  only  from  1  to  2  per  cent. 
)f  it,  at  the  same  rate  aa  when  provided  in  guano  oontaining  about 
12  per  cent.,  and  in  a  much  more  soluble  condition,  waa  entirely 
iallacious ;  hs  also  was  the  valuation  of  precipitated  phosphate  at 
t*.  3d.  per  unit.  Would,  then,  such  precipitated  mauuree  pay  for 
:heir  manufacture  as  such  ?  He  thought  not.  If  the  process 
vero  adopted  mainly  as  a  means  of  purification,  what  waa  the  result? 
^boat  throe-fourths  of  the  nitrogen  of  the  sewage  would  remain 
n  the  liquid.  This  would  exist,  in  the  main,  not  as  nitrates,  but  as 
tmmonia  and  soluble  organic  compounds.  This  liquid,  with  all  other 
aouse  drainage,  remained  to  be  dealt  with.  He  did  not  think  that 
such  a  liquid  would  eventually  be  allowed  to  run  into  a  wat«r- 
rapply  stream.  Passing  it  through  the  land  would  best  purify  it, 
ind  would  yield  the  largest  return.  If  the  sewage  were  employed 
for  irrigation,  the  less  taken  out  of  it,  beyond  the  sludge,  before 
use,  the  better ;  and  if  the  phosphates  were  removed,  they  should 
be  returned  either  to  the  sewage  or  to  the  land  irrigated.  In  fact, 
where  irrigation  was  to  be  eventually  adopted,  the  leas  effective 
the  precipitation  process  the  better  ;  indeed,  the  exclusion  of  the 
natural  sludge  was  all  that  was  desirable.  He  was  by  no  means 
onconscious  of  the  many  difficulties  involved  in  the  general  adop- 
tion of  sewage  irrigation,  but  he  believed  if  rivers  were  to  be  kept 
From  pollution,  it  would  eventually  have  to  be  adopted,  wherever 
practicable,  before  the  liquid  was  discharged  into  them. 
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On   Some  Points  in  connection   with  Animal  Nutrition. 
By  Dr.  J.  H.  Gilbert,  F.R.S.,  F.L.S.,  F.C.S. 


A  few  days  ago  Professor  M.  Foster  wrote  to  me  to  say  that  he 
intended  to  bring  the  subject  of  nutrition  forward  on  this  occasion^ 
and  asked  me  if  I  would  take  part  m  the  discussion  afterwards  ;  and 
as  he  and  I  had  had  a  good^deal  of  correspondence  and  conversa- 
tion some  little  time  since  about  the  important  question  of  the  sources 
of  the  fat  of  the  animal  body,  I  concluded  it  was  probably  to  that 
subject  he  wished  me  to  devote  my  attention.  At  any  rate,  I  looked 
ap  hurriedly  the  materials  which  Mr.  Lawes  and  myself  have  collected 
in  relation  to  that  subject,  and  some  allied  points,  and  propose,  with 
your  permission,  to  lay  the  facts  before  you  shortly,  although  Pro- 
fessor Foster  has  not  given  you  his  paper. 

Thirty-five  years  ago,  or  more,  I  believe  the  view  generally  accepted 
was,  that  the  camivora  found  the  fat  which  existed  in  their  bodies 
ready-formed  in  the  herbivorous  animals  they  consumed,  and  that  the 
herbivora  in  their  turn  found  all  the  fat  of  their  bodies  ready  stored  up 
in  the  plants  they  consumed.  About  that  time  Liebig,  in  reviewing  the 
composition  of  vegetable  food,  came  to  the  conclusion  that  this  was 
simply  impossible,  taking  into  consideration  the  amount  of  fat  which 
was  stored  up  by  many  animals  in  proportion  to  the  known  quantities 
in  the  food.  He  put  forward  the  view  that  the  carbohydrates  of  the 
food— starch,  sugar,  and  so  on — were  important  sources  of  the  fat  of 
the  herbivora.  For  a  short  time  this  view  was  opposed,  but  only  for  a 
short  time,  by  Dumas  and  Boussingault,  and  some  other  experimenters 
in  France,  though  they  afterwards  accepted  it. 

The  investigations  of  Mr.  Lawes  and  myself,  it  must  be  borne  in 
mind,  have  always  had  an  agricultural  object,  so  that  if  they  were 
not  conducted  exactly  in  the  way  which  the  physiologist  will  say  they 
might  have  been,  it  has  been  because  we  had  not  the  same  object 
before  us,  that  is  a  purely  physiological  one.  Very  soon  our  own 
experiments  led  us  to  believe  that  Liebig  was  right  in  his  conclusion 
on  this  point,  but  that  he  must  be  wrong  on  some  other  points  in 
relation  to  the  feeding  of  animals  which  he  so  ably  discussed.  We 
found  it  was  pretty  certain,  from  the  consideration  of  the  feeding  experi- 
mentSy  that  some  of  the  fat  must  have  the  source  which  he  assumed. 


On  the  other  hand,  he  assumed  that  the  value  of  food  to  the  aniu a>  ^ 

was  measured  by  the  amount  of  nitrogen  which  it  contained  ;  that  2s 

to  say,  he  maintained  that,  in  the  formation  of  meat,  in  the  formati      ^z^o 
of  milk,  and  in  the  exercise  of  force,  the  measure  of  the  value  of  t-  tae 

food  required,  for  these  purposes,  was  the  amount  of  nitrogen  it  ct ^-n- 

tained  ;  and  in  the  case  of  the  exercise  of  force,  the  amount  of  u^h.  <3a 
which  was  eliminated.  We  found,  however,  that  we  could  givctw^i^i^e 
or  three  times  the  quantity  of  nitrogen  within  a  given  time  to  ^z^-mr^t 
animal  as  to  another,  both  at  rest,  and  that  the  amount  of  nitro^^^='n 
eliminated  in  urea  was  almost  proportional  to  the  amount  of  nit 
in  the  food,  and  had  no  direct  connection  with  the  amount  of  fc 
exercised. 

The  question  of  which  of  the  constituents  in  the  food,  were  of 
most  importance  for  the  exercise  of  force,  and  for  the  making  of 
remained  in  this  condition  until  the  experiments  instituted  in  Mun."i<d:^» 
about    16  or  17  years  ago,  with  Pettenkofer's  beautifully  contri'*'^ 
respiration  apparatus,  a  model  and  drawings  of  modifications  of  wh>>> 
are  in  the  next  room.     I  am  glad  that  after  very  much  trouble  on 
part  to  get  such  an  apparatus  brought  to  this  Exhibition,  and  enti: 
failing,  it  has  after  all  been  sent  by  some  one.     It  consists  of  a  cl 
in  which  an  animal  can  be  put,  and  by  a  water  wheel,  or  by 
other  power,  the  air  is  gently  aspirated  through  the  apparatus,  thci 
passes  through  guages,  and  through  solutions,  which  absorb  the 
bonic  acid,  &c.,  and  so  the  amount  of  air  passing  is  gauged,  and 
products  of  respiration  are  determined.     It  is  not  the  apparatus  it 
but  the  results  which  it  has  brought  out,  which  I  wish  to  refer  t9 
this  occasion.     In  1860,'Bischoff  and  Voit  published  their  first  resii^*^ 
They  kept  a  dog  for  many  months  without  change  as  to  movcm^^'  ^ 
without  giving  it  any  special  exercise,  but  varied  its  food  immcns^^^' 
and  they  found  the  urea  eliminated  was  almost  in  proportion  to   "C^** 
amount  of  nitrogen  taken  in  the  food.    But  inasmuch  as  the  ti»^^ 
existing  view  required  this  to  be  connected  in  some  way  with   "rf** 
exercise  of  force,  they  explained  that  so  much  more  force  was  cxcrci^^^^ 
in  the  actions  within  the  body  in  dealing  with  the  increased  aznoan^  ^ 
nitrogenous  substance  consumed ;  so  that  after  all  the  amount  of  "rf** 
urea  eliminated  was  a  measure  of  the  exercise  of  force,  ahhougb    '^ 
was  in  these  internal  actions,  and  not  in  the  voluntary  exeicit^   ^ 
muscular  power.     I  was  in  Germany  at  the  time  that  book  came  €>^^9 
and  went  to  Munich,  hoping  to  see  these  gentlemen  on  the  snbp^^' 
In  conversation  with  Professor  Voit,  I  ventured  to  call  in  qoesCkn  *^* 
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'icrliision  at  which  they  had  arrived,  and  I  think  he  considered  I 
^-s  entirely  in  error.  But  a  few  years  afterwards  it  was  found  by 
tiers,  also  that  the  amount  of  urea  eliminated  had  no  direct  connec- 
►ix  -with  the  amount  of  force  exercised,  and  that  what  is  the  most 
onounced  when  there  is  an  increased  exercise  of  force,  is  an  in- 
sa.sed  elimination  of  carbonic  acid  by  the  lungs.     I  believe  there 

now  no  doubt  about  that  matter.  Messrs.  Fick  and  Wislicenus, 
r.  Frankland,  and  Dr.  E.  Smith,  brought  that  prominently  forward, 
cl  I  believe  it  is  now  accepted  that  the  elimination  of  urea  is  no 
^a.sure  of  the  muscular  force  exerted  within  the  body. 

ter  putting  forward  these  views,  Messrs.  Bischoff  and  Voit  put 
dog  into  a  kind  of  tread-wheel,  and  they  found  that  the  amount 

^irea  eliminated  was  not  in  proportion  to  the  exercise  of  force,  but 
^  a.mount  of  carbonic  acid  was  so,  and  eventually  they  themselves 
rnitted  the  truth  of  this. 

Tlien  came  the  question  of  the  sources  of  animal  fat.  On  this 
►iTit,  again,  Voit  has  worked  almost  exclusively  with  the  dog,  which 
SL  carnivorous,  or,  at  most,  an  omnivorous  animal..  He  has  found, 
txich  I  do  not  wish  to  call  in  question,  that  in  the  case  of  the  car- 
v-ora,  and  in  some  cases  of  the  herbivora,  the  fat  may  be  formed  from 
^e  nitrogenous  substance  of  the  food.  But  from  the  results  obtained 
itli  this  carnivorous  animal  he  has  come  to  the  conclusion,  that  not  only 
^  such  cases,  but  in  all,  the  fat  formed  within  the  animal  is  derived 
oixi  the  albuminous  substance  of  the  food  or  of  the  body.  I  have 
^^Shly  noted  a  few  of  the  experiments  of  Voit,  which  I  believe  are  the 
trongest  or  most  conclusive  for  his  view  of  the  question.  He  found 
^at  when  a  dog  was  fed  on  starch  or  sugar  alone,  or  with  albumin, 
^  '^ith  fat  and  albumin,  the  carbon  stored  up,  that  is  to  say,  the 
arl>on  which  was  not  eliminated  in  any  way  from  the  body,  was  never 
lore  than  that  in  the  fat  of  the  food,  plus  that  in  the  albumin  which 
^s  broken  up,  as  indicated  by  the  amount  of  urea  eliminated.  He 
^'icluded  that  this  was  a  proof  that  fat  was  not  formed  from  the 
'"t>ohydrates.  In  another  case,  which  perhaps  was  stronger,  he  fed 
^  ^og  with  starch  and  a  little  fat,  but  no  albumin  whatever,  and  the 
'^'^Qn  stored  up  was  equal  to  that  of  the  fat  in  the  food,  plus  that  due 
^*^e  oxidation  of  albuminous  tissue,  and  when  he  gave  more  starch 
^*iis  food  the  amount  of  carbon  stored  up  was  reduced  ;  that  is  to  say, 

^^'S^es  that  the  carbohydrates  in  this  case  protected  the  albumin  of 

*^ody  from  disintegration,  and  did  not  in  any  way  serve  for  the 

^^Uction  of  fat  ;  and  that  there  would  have  been  a  greater  storing 


up  of  carbon  if  this  additional  starch  which  he  gave  to  the  anim. 
had  been  the  source  of  the  fat.     He  also  argued,  from  a  number 
experiments,  that  starch  and  sugar  are  quite  oxidised  in  the  bo<> 
yielding  carbonic  acid,  &c.,  within  twenty-four  hours.     He  maintaifl 
that  the  same  must  occur  with  herbivora  as  with  camivora. '  Tl 
carnivora  are  found  absolutely  to  digest  vegetable  food,  and  take 
into  their  system  as  an  herbivorous  animal ;  and  he  argues  that, 
establish  a  different  source  of  fat,  it  must  be  shewn  by  experiment  thi 
fat  is  formed  in  excess  of  that  in  the  food,  plus  that  which  can  " 
formed  from  the  oxidated  albumin.     Now  this,  I  think,  I  shall  be  ab 
to  show  you  we  have  done.    We  have  not  accepted  the  challenge 
the  way  ot  making  new  experiments  for  the  purpose,  but  I  think  « 
have  old  experiments  which  are  perfectly  conclusive,  and  do  me 
exactly  the  requirement  which  Voit  says  is  essential  to  disprove  t" 
view  which  he  maintains  with  regard  to  the  herbivora. 

But  before  entering  on  our  own  experiments,  I  will  just  say  what  ta 
happened  in  answer  to  the  challenge  in  Germany.    Weiskc  and  Wi' 
conceived,  as  I  shall  be  able  to  show  afterwards  was  a  very  right  thL 
to  conceive,  that  the  pig  was  the  very  best  animal  to  experiment  on 
this  purpose.     He  is  certainly  the  fat-maker  of  all  the  animals  that 
feed ;  and  there  are  other  reasons  why  he  is  the  best  of  all  others 
experiment  upon  in  this  particular.      They  had,  from  a  thcorcti  • 
point  of  view,  a  very  good  conception  of  what  was  necessary.     Th: 
took  four  pigs,  slaughtered  two  of  them,  and  determined  the  fat  a. 
other  constituents  in  those  animals.    Then  they  fed  one  on  food  v« 
poor  in  nitrogenous  substance,  and  one  on  food  exceedingly  rich 
nitrogenous  substance.     It  happened  that  the  pig  fed  on  food  very  ri 
in  nitrogen  had  so  much  that  it  became  unwell,  and  that  experim^ 
failed  entirely.    With  regard  to  the  one  fed  on  food  poor  in  nitrogtf 
the  food  was  so  poor  that  the  experiment  took  too  long  a  time ; 
fact,  too  much  food  was  passed  through  the  body  in  proportion  to  t~ 
increase  produced  ;  and  when  eventually  they  slaughtered  that  anink. 
and  analysed  it,  so  much  nitrogen  had  passed  through  the  body  d» 
ing  the  time,  that  they  found  the  whole  of  the  fat  that  had  been  form 
might  be  derived  from  the  nitrogenous  substance  consumed.    Wcis^ 
and  Wildt  did  not  conclude  therefrom  that  it  was  established  that  i 
could  only  be  produced  from  the  nitrogenous  substance,  but  th 
admit  that  the  experiment  was  not  conclusive. 

In  the  experiments  of  Mr.  Lawes  and  myself  we  have  used  a  grtf 
many  animals,  and  we   have  brought  our  results   into  calculati^ 


although  the  experiments  were  not  at  the  time  arranged  with  the 
special  view  of  determining  this  question.  The  table  shows  some 
results  of  experiments  with  sixteen  oxen,  249  sheep,  and  fifty-nine 
pigs.  You  will  see  that  the  proportion  of  stomachs  and  contents  in 
the  body  is  ir6  per  cent,  with  the  oxen,  7*5  with  sheep,  whilst  it  is 
only  I  '3  in  the  pig.  The  intestines  and  contents,  on  the  other  hand, 
shew  in  oxen  only  27,  in  sheep  3*6,  and  in  the  pig  6*2  per  cent. ;  with 
it,  therefore,  very  much  more  than  with  either  of  the  ruminant  animals. 
We  know  that  the  character  of  the  food  is  such  in  the  case  of  the 
ruminants  that  they  must  pass  an  enormous  quantity  of  very  crude 
stuff  through  their  bodies,  and  must  elaborate  it  first  in  one  stomach 
and  then  in  another,  and  the  result  is  they  have  not  only  a  very 
large  capacity  of  stomach,  but  also  a  very  large  proportion  of  contents 
in  relation  to  the  whole  body.  In  the  case  of  the  pig,  on  the  other 
hand,  the  stomach  is  exceedingly  small ;  the  natural  food  of  the  pig 
is  starchy  seeds  or  roots  (which  are  the  food  of  man  also),  it  contains 
exceedingly  little  necessarily  effete  matter,  their  stomachs  have  com- 
paratively manageable  stuff  to  deal  with,  and  they  have  a  very  small 
stomach,  while  on  the  other  hand  their  intestines  are  very  large.  It 
is  known  that  the  transformation  of  the  starch  goes  on  almost  through- 
out the  intestinal  canal,  so  that  we  can  easily  understand  how  it  is  that 
with  such  starchy  food  these  animals  have  an  enormous  amotmt  of 
intestines  compared  with  either  oxen  or  sheep.  If  we  look  at  the 
proportion  in  the  live  weight  of  the,  so  to  speak,  further  elaborating 
organs  the  heart,  the  liver,  the  lungs,  the  pancreas,  and  so  on,  their 
percentage  by  weight  in  the  bodies  of  the  three  descriptions  of  animals 
is  almost  identical. 

Now,  for  100  lbs.  of  live  weight  the  amount  of  dry  substance  con- 
sumed per  week  was  12*5  byoxen,  16  by  sheep,  and  27  by  pigs;  that 
is  :  100  lbs.  live  weight  of  pig  will  consume  much  more  dry  substance 
of  food,  and,  as  I  have  stated,  that  food  is  of  a  more  highly  nutritive 
kind,  and  more  easily  digested,  than  that  of  oxen  or  sheep.  Again, 
the  increase  per  week  was  only  1*13  per  cent  on  the  live  weight  of 
oxen,  1 76  of  sheep,  and  6*43  of  pigs.  So  that  the  proportion  of  the 
increase  to  the  weight  of  the  body  is  much  the  greatest  with  the  pig. 
Then,  if  we  take  the  facts  in  relation  to  the  amount  of  the  food, 
for  100  lbs.  of  dry  substance  of  food,  the  ox  will  give  in  increase  only 
5*2  of  fat,  the  sheep  7,  and  the  pig  157.  Suffice  it  to  say,  that  there  is 
less  effete  matter  in  the  food  of  the  pig,  and  therefore  its  live  weight 
and  its  increase  mdicate  more  nearly  the  real  increase  of  the  body,  and 
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not  the  ftoctnatiiig  matters  in  the  aRmmtaiy  canaL  Its  food  is  of  a 
higher  character,  so  that  a  larger  proportion  of  it  is  stored  apu  That 
which  passes  throogh  the  system  is  more  completely  osed,  and  the 
amount  of  fiit  which  is  produced  is  also  Tery  mnch  higher.  There- 
fore. I  say  the  pig  is  by  £2r  the  best  animal  to  experiment  upon  for 
this  purpose. 

Whilst  on  this  sah^ect  I  may  refer  to  a  portion  of  the  table  which 
TCgetarians  will  perhaps  not  be  mndi  pleased  to  see.  If  we  are  to 
judg^  that  the  size  of  the  stomach  indicates  to  some  extent  the  charac- 
ter of  the  food,  its  crudeness  or  concentration,  as  no  doubt  is  the  case 
with  the  other  animals,  and  if  we  compare  oxen,  sheep,  pigs,  and  man, 
we  find  the  proportion  of  stomach  by  weight  per  cenL  is,  approximately^ 
in  oxen  3*2,  in  sheep  2*.(4,  in  pigs  about  0*88,  and  in  man  only  038 ; 
so  that  going  firom  one  animal  to  the  other  you  should  have  more 
concentrated  and  more  digestible  food  in  the  case  of  man,  than  of  the 
pig ;  and  you  have  animal  food  as  well  as  stardiy  seeds,  roots,  &c. ; 
and  the  indication  is,  I  think,  that  man  was  not  made  to  consume 
potatoes  and  cabbages  by  the  busheL 

The  next  point  is  as  to  the  indications  of  merely  practical  results. 
Without  going  into  the  chemistry  of  the  subject,  or  discussing  whether 
the  food  of  the  animal  does  contain  enough  or  not  enough  of  nitro- 
genous substances  to  yield  all  the  £&t  produced,  I  will  call  attention  to 
some  results  wiiich  will  indicate  the  general  relations  of  the  food 
to  the  necessities  of  the  body.  On  the  coloured  diagram  you  have 
the  results  of  thirty  sefiarate  experiments  on  pigs.  The  plan  was 
this :  we  gave  to  a  certain  set  a  fixed  amount  of  highly  nitrogenous 
food,  and  let  them  take  whatever  they  liked  of  less  nitrogenous  food. 
To  another  set  we  gave  a  fixed  amount  of  food  low  in  nitrogen  and 
rich  in  starch  and  such  matters,  and  let  them  make  up  whatever  they 
wanted  with  highly  nitrogenous  food.  So  we  rang  the  changes  in  a 
great  many  more  cases  than  are  here  represented,  but  in  this  way  it 
will  be  seen  that  the  animal  fixed  its  own  diet  according  to  the  neces- 
sities of  the  case ;  and  the  question  is,  was  it  the  nitrogenous  sub- 
stances, was  it  the  non-nitrogenous  substances,  or  was  it  the  total  dry 
substance,  nitrogenous  and  non-nitrogenous  together,  which  guided 
the  amount  consumed  by  a  given  live  weight  within  a  given  time,  or 
rather  guided  —  for  these  were  fattening  animals  —  the  amount  of 
increase  which  was  produced  ?  The  lowest  amount  of  nitrogenous 
substances  consumed  by  100  lbs.  of  live  weight  of  pig  per  week  in  any 
one  experiment  being  taken  as  100,  in  some  cases  500  were  taken,  and 


nost  more  than  200.  In  the  same  way  the  lowest  amount  of  non- 
ogenous  substance  being  taken  as  100,  in  no  case  was  nearly  as 
:h  as  200  consumed,  and  the  average  was  about  140  parts.  When 
come  to  the  total  dry  substance,  including  both  nitrogenous  and 
-nitrogenous,  we  find  that  the  quantities  ranged  more  closely 
ither ;  that  is  to  say,  the  total  digestible  organic  substance  seems  to 
e  been  the  measure  of  what  was  required,  and  that  the  nitrogenous 
ht  possibly  act  for  the  non-nitrogenous  substances  if  there  were 
enough  of  them.  But  it  is  quite  clear  that  the  measure  was  either 
non-nitrogenous  substances  or  the  total  organic  substances — cer- 
ly  not  the  nitrogenous  substances.  Then  the  question  arose, 
ther  the  same  thing  would  hold  in  relation  to  the  amount  of 
ease  in  the  weight  of  animal  produced.  It  was  always  assumed, 
ink,  until  these  experiments  of  Mr.  Lawes  and  myself,  that  when 
na.ls  were  not  fed  on  highly  nitrogenous  food  the  amount  they 
ed  up  was  comparatively  small.  These  experiments  show  the 
>unt  of  these  three  classes  of  constituents  consumed  in  produc- 

1 00  pounds  increase  of  live  weight  in  the  different  cases.  100 
ricis  being  the  lowest  amount  of  nitrogenous  substance  required, 

^vas  the  highest,  the  animal  fixing  his  own  diet,  and  in  many 
-s  it  was  over  200  ;  that  is  to  say,  more  than  twice  as  much  as 
sfted  him  when  he  had  enough  of  other  matters  to  make  up.    At 

i"ate  it  would  seem  that  fat  can  be  formed  from  nitrogenous  sub- 
'^cres,  provided  there  is  a  deficiency  of  non-nitrogenous  substances 
^e  food  ;  and  I  may  say  that  the  nitrogenous  substances  are  of  a 
^er  food  capacity,  irrespective  of  the  nitrogen,  containing  more 
^on,  more  hydrogen,  and  less  oxygen;  they  have  more  useful 
tor  in  them  than  an  equal  weight  of  starch  or  any  substance  of 
-  Icind. 

^  ow  the  question  arises,  what  is  the  state  of  affairs  when  we  attempt 
^^Iculate  these  results  and  to  see  whether  or  not  the  food  did  con- 
enough  nitrogenous  substances,  or  albuminous  matter,  to  supply 
'^vhole  of  the  fat  produced?  These  experiments  were  not  specially 
^^^ged  to  settle  that  question,  but  they  were  calculated  afterwards. 
■^^s  about  twenty-six  years  ago  that  we  took  two  pigs  of  the  same 
-^,  very  carefully  selected  both  by  practical  and  scientific  eyes  as 
"^S  as  nearly  as  possible  exactly  alike.     One  was  slaughtered,  and 

t^otal  amount  of  dry  matter,  fat,  nitrogen,  mineral  matter,  and  so 

determined ;  and  then  the  other  animal  was  fed.  At  that  time  we 
'  iiot  arrived  at  such  distinct  conclusions  as  we  did  afterwards  as  to 
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the  desirability  of  giving  a  greater  proportion  of  starchy  matters.  We 
gave  the  animal  a  great  deal  more  than  the  proportion  of  nitrogenous 
substances  existing  in  what  may  be  called  the  normal  fattening  food  of 
the  pig — barley  meal.  In  the  first  column  of  the  table,  the  results  of 
that  experiment  are  calculated  out  to  show  whether  the  food  did  con- 
tain enough  nitrogenous  matter  to  >'ield  the  fat  produced  You  will 
see  the  proportion  of  non-nitrogenous  matter  to  one  of  nitrogenous  is 
3*6.  Now,  the  proportion  in  barley  meal,  which  is  the  best  fattening 
food  for  the  pig,  is  between  5  and  6  to  i ;  so  that  we  gave  too  much 
nitrogen  according  to  what  we  now  know  is  the  best  proportion. 
There  was  a  considerable  amount  of  increase  in  ten  weeks,  eighty- 
eight  pounds,  or  85*4  per  cent,  on  the  original  weight  of  the  body. 

The  question  is,  how  much  fat  was  in  the  food  ?  and  that  is  shown 
in  the  second  division  of  the  table.  It  is  calculated  that  for  100 
pounds  increase  in  the  live- weight  there  were  stored  up  63*1  pounds 
of  fat.  There  were  of  ready-formed  fat  in  the  food  15*6  pounds; 
leaving  47*5  pounds  fat  to  be  produced  from  some  material  or  other. 
Out  of  100  of  nitrogenous  substances  consumed  as  food,  there  were 
stored  up  in  increase  7 '8,  leaving  92*2  parts  of  nitrogenous  substance 
which  might  be  used  for  the  production  of  fat  or  might  not  If  we 
calculate  how  much  carbon  there  was  in  the  produced  fat,  and  how 
much  there  was  left  available  in  the  nitrogenous  substance  for  the 
production  of  fat,  we  find  that  there  were  7*4  pounds  more  carbon 
possibly  available  from  the  nitrogenous  substance  than  was  necessary 
for  the  production  of  the  fat ;  or,  put  in  another  way,  there  were 
120  of  carbon  available  from  the  nitrogenous  substances  for  100 
required. 

According  to  this  mode  of  calculation,  therefore,  there  was  enough 
nitrogenous  substance  to  justify  the  conclusion  of  Voit ;  or  rather,  the 
result  does  not  in  any  way  disprove  his  conclusion  that  fat  has  been 
produced  from  the  disintegration  of  nitrogenous  substances  in  the 
body.  This  table  was  calculated  some  years  ago,  and  we  have  inten- 
tionally put  the  results  in  the  worst  aspect  that  we  could  for  our  own 
side  of  the  case,  that  we  might  not  exaggerate  the  conditions.  For 
instance,  we  have  assumed  that  the  whole  of  the  fat  in  the  food  would 
be  taken  up,  which  it  certainly  would  not ;  and  we  have  assumed  that 
the  whole  of  the  nitrogenous  substances  of  the  food  would  be  digested, 
and  would  come  into  play,  which  they  certainly  would  noc  If  wc 
assume  in  our  own  calculations  the  estimate  adopted  in  Germany, 
that  100  pounds  of  nitrogenous  substance  cannot  yield   more  than 
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•ne  of  fat,  even  this  experiment  shows  a  little  deficiency  of  nitro- 
IS  substances,  and  would  in  fact  be  in  favour  of  our  view. 
z  next  two  experiments  given  in  the  table  show  a  still  higher 
•rtion  of  nitrogenous  substance  in  the  food;  and  there  was, 
dingly,  a  great  deal  more  carbon  available  from  the  nitrogenous 
ince  than  was  necessary  for  the  formation  of  the  amount  of  fat 
iced. 

5  next  two  experiments  (four  and  five),  were  with  more  natural 
ing  food  of  the  animal,  one  entirely  Indian  corn-meal,  and 
her  entirely  barley-meaL  A  pig  requires  for  rapid  fattening  very 
if  any,  more  nitrogenous  substance  than  this  represents.  But 
ve  have  only  60  per  cent,  or  a  little  over,  6o'8  in  one  case,  and 
n  the  other,  of  the  carbon  of  the  fat  produced  in  the  animal,  pos- 
derivable  from  the  nitrogenous  substance  of  the  food.  So  that  we 
in  those  two  cases  nearly  40  per  cent,  of  the  carbon  of  the  produced 
lich  could  not  possibly  come  from  the  nitrogenous  substances, 
nust  have  come  from  the  non-nitrogenous  matter,  in  fact  from 
irbohydrates.  But  an  objection  may  be  raised  to  this  calcula- 
the  animals  were  larger  to  begin  with ;  and  the  weights  were 
sr  at  the  end ;  so  that  the  composition  of  the  lean  animal,  and  of 
t  animal,  as  derived  from  the  direct  analyses,  does  not  absolutely 
;  but  we  could  not  possibly  thus  get  rid  of  this  forty  or  more 
ent  which  the  calculations  would  show  to  be  derived  from  the 
litrogenous  substance  of  the  food. 

e  remaining  four  experiments  are  also  entirely  in  favour  of  our 

The  animals  were  about  the  same  weights  as  those  analysed : 

)od  was  more  nearly  the  proper  food  for  fattening,  being  rather 

in  nitrogenous  substances,  but  much  higher  than  in  experiments 

1  5.     But  even  here  we  found  18*9,  i8*8,  25*2,  and  147  percent 

2  total  carbon  of  the  produced  fat  could  not  possibly  have  been 
ed,  and  certainly  a  great  deal  more  was  not  derived,  from  the 
jenous  substances  of  the  food. 

leed  not  trouble  you  further  with  these  results.  But  I  should 
lat  the  contrary  view  has  been  adopted  not  only  by  some  physio- 
s,  but  in  Germany  in  some  text  books  on  agricultural  chemistry, 
d  in  my  hand  one  of  these  text  books  in  which  the  evidence  of 
experiments  is  discarded,  and  it  is  assumed  that  if  you  cannot 
iment  with  the  respiration  apparatus  the  results  are  good  for 
ig.  I  would  not  wish  to  depreciate  the  importance  of  the  results 
led  by  the  respiration  apparatus  in  any  way.    I  have  taken  the 
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greatest  interest  in  them,  and  I  think  they  lead  to  the  most  impor- 
tant conclusions ;  but  I  also  think  some  observers  have  come  to  veiy 
erroneous  conclusions  from  the  results  of  such  experiments.    I  submit 
that  if  you  experiment  with  iJk^  &t-producer — the  pig — and  if  you  take 
two  carefully  selected  animals  (or  more  if  you  like)  kill  and  analyse  one, 
and  feed  the  other  as  rapidly  as  possible,  that  is,  let  him  take  as  much 
of  the  most  appropriate  food  as  he  will  take,  you  may,  without  any 
respiration  apparatus,  determine  this  point.     It  is  most  important  that 
it  should  be  definitely  settled.    Since  the  recent  publications  on  the  sub- 
ject, Mr.  Lawes  and  myself  have  gone  thoroughly  into  the  question, 
and  re-calculated  most  of  our  results ;  those  relating  to  oxen  and  sheep 
as  well  as  pigs.    They  point  to  this :  that  the  ruminant  animals,  which 
have  such  elaborate  machinery,  and  do  so  httle  productive  work,  do 
pass  so   much  nitrogenous  substance  through  the  body  in  reUtion 
to  the  amount  of  increase,  that  they  do  not  show  that  £ait  can  be 
derived  from  the  non-nitrogenous  substances  of  the  food  ;  but  in  the 
case  of  pigs  the  evidence  is  perfectly  conclusive.    Having  re-calculated 
our  own  experiments  in  this  way,  and  the  results  being  absolutely  con- 
clusive so  far  as  the  pig  is  concerned,  Mr.  Lawes  is  unwilling  to  be  at 
the  trouble  and  expense  of  further  experiments  on  the  question  ;  but 
it  really  is  one  of  great  importance,  and  one  which  public  institutions 
mig^t  well  take  up.     It  is  of  importance,  not  only  agriculturally,  with 
reference  to  the  proper  way  of  feeding  stock,  but  also  in  its  bearings 
on  the  nutrition  of  man. 

[For  the  tables  and  diagrams  referred  to  above,  see — **  On  the 
Sources  of  the  Fat  of  the  Animal  Body,**  Philosapkical  Magazine^ 
December,  1866;  and — ''On  the  Formation  of  Fat  in  the  Animal 
Body,"  Journal  of  Anatomy  and  Physiology ^  Vol.  xi..  Part  iv. ;  and 
for  other  points,  and  detail  —^  Food  in  its  Relations  to  Various  Elxigen- 
cies  of  the  Animal  Body,"  Philosophical  Magaxin^y  July,  1866 ;  and 
the  papers  therein  referred  to.] 
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PLATE  XXII. 

HMERLY  it  was  supposed  that  the  fat  of  the  Herbivora  was 
rived  exclusively  from  ready  formed  fat  in  their  vegetable 
kI.  Liebig  showed  that  this  could  not  be  the  case ;  and  he 
ributed  much  of  the  fat  of  the  animal  body  to  the  carbo- 
drates  of  the  food.  His  views  on  the  point  were  at  first  called 
question  by  Dumas,  Boussingault,  and  others,  but  afterwards 
5epted.  Our  own  very  numerous  feeding  experiments,  com- 
mcing  about  30  years  ago,  together  with  a  careful  considera- 
n  of  the  experience  of  practical  feeding,  afforded  strong 
ifirmation  of  Liebig's  conclusions;  and  more  especially  in 
52*,  and  subsequently,  we  pointed  out  the  bearing  of  the 
mlts  on  the  question. 

At  a  meeting  of  the  Congress  of  Agricultural  Chemists  held 
Munich,  in  1865,  Professor  Voit  combatted  this  view.  From 
2  results  of  experiments  with  dogs,  made  in  Pettenkofer's 
rpiration-apparatus,  he  maintained  that  fat  must  have  been 
educed  from  the  transformation  of  nitrogenous  substance ; 
d  further,  that  this  was  probably  the  chief,  if  not  the  only, 
nice  of  the  fat,  even  of  Herbivora.  In  1869  he  elaborately 
^led  the  point,  not  only  in  reference  to  the  results  of  his  own 
periments  with  dogs  and  with  cows,  but  also  to  the  records 

those  of  various  other  experimenters,  with  various  descrip- 
>n8  of  animal ;  and  he  has  subsequently  made  further  con- 
^butions  on  the  subject,  conjointly  with  Professor  Pettenkofer. 

their  results,  obtained  with  a  dog,  and  their  conclusions 
awn  from  them,  were  to  be  described  in  a  few  words,  they 
ight  perhaps  be  so  as  follows : — When  a  dog  was  fed  on  starch 
sugar,  alone,  or  with  albumin,  or  with  fat  and  albumin,  the 
^bon  stored  up  was  not  more  than  that  in  the  fat  of  the  food 

The  subatance  of  this  paper  was  given  by  one  of  us  at  the  Natnrforsoher 
^Bammlang  (Section  fiir  Landwirthschaft-  nnd  Agricoltur-Chemie)  at  Ham- 
'|r,  in  September,  1876. 

On  the  Composition  of  Foods  in  relation  to  Bespiration  and  the  Feeding  of 
^^^lals.     Report  of  the  British  Association  for  the  Advancement  of  Science,  for 
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plus  that  which  could  be  derived  from  the  albumin  broken  up. 
There  was,  therefore,  no  proof  that  fat  can  be  formed  &om  tbe 
carbo-hydrates.     Again,  when  a  dog  was  fed  with  starch  and  a 
little  fat,  but  no  albumin,  the  carbon  stored  up  was  equal  to 
that  of  the  fat  of  the  food  plus  that  derived  from  the  trans- 
formed nitrogenous  substance  of  the  body.   More  starch  reduced 
the  amount  of  carbon  stored  up;    the  carbo-hydrate  haying 
protected  the  albumin  of  the  body  from  oxidation,  and  thiB 
limited  the  formation  of  fat.     They  never  found  fat  fonned 
from  starch  or  sugar.    They  maintain  that  the  same  must  occur 
with  the  Herbivora ;  and  that  to  establish  the  formation  of  lat 
from  the  carbo-hydrates,  experiments  must  be  brought  forwanl 
in  which  the  fat  deposited  is  in  excess  of  that  supplied  by  the 
food  plus  that  which  could  be  derived  from  the  transformed 
albumin. 

This,  many  of  our  own  experiments  with  pigs  do  clearly 
show;  and  in  1866  we  published  a  short  paper*,  in  which ^e 
illustrated  the  bearing  of  some  of  them  on  the  point.    In  his 
paper  in  1869',  Professor  Voit  quotes  some  of  those  results,  and 
admits  that  in  the  experiments  in  which  there  was  only  * 
medium  albuminous  supply  in  the  food,  there  was,  as  the  iffff^ 
stand,  a  considerable  deficiency  for  the  formation  of  the  fat  pro- 
duced, and  a  greater  deficiency  still  in  the  cases  in  which  th^ 
relation  of  the  nitrogenous  to  the  non-nitrogenous  constituents 
was  such  as  experience  has  shown  to  be  the  most  favourable 
for  pig-fattening ;  and  that,  therefore,  a  considerable  amount  oi 
fat  would,  in  these  instances,  appear  to  have  been  derived  frot^ 
the  carbo-hydrates.     Still,  Professor  Voit  says  he  cannot  ^o^ 
himself  to  consider  a  transformation  of  carbo-hydrates  into  f^^ 
to  be  proved  thereby.     He  confesses  that  he  has  not  been  abl^ 
to  get  a  general  view  of  the  experiments  out  of  the  mass  o' 
figures  recorded,  and  suggests  several  possible  sources  of  erro^» 
his  reference  to  some  of  which  shows  that  he  has  in  fact  fl^^ 
understood  them.     At  the  same  time,  he  proposed  that  o^^ 
experiments  with  geese  and  with  pigs  should  be  made,  in  otA^^ 
to  arrive  at  a  final  decision  on  the  question ;  and  in  a  veiy  rec^^ 

1  On  the  Souroes  of  the  Fat  of  the  Animal  Body.    PMloaapkiaa  Ma§aS^^ 
December,  1866. 

*  ZeiUehriftJUr  Siologie.    Baud  v. 
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ivereation  with  one  of  us,  he  expressed  his  willingness  to 
lertake  a  conclusive  experiment  with  pigs. 
Weiske  and  Wildt^  undertook  an  investigation  to  deter- 
le  the  point ;  which,  from  a  theoretical  point  of  view,  was 
J  conceived;  but  which  did  not  succeed,  owing  to  the 
rsight  of  the  conditions  indicated  by  experience  as  essential 
he  rapid  fattening  of  the  animal.  They  selected  four  pigs ; 
►  were  slaughtered  to  determine  the  initial  composition ;  one 
I  fed  on  food  so  rich  in  nitrogen  that  it  suflfered  in  health, 
i  the  experiment  had  to  be  discontinued;  the  other  was 
on  food  so  poor  that  it  fattened  extremely  slowly;  and 
ce,  at  the  conclusion,  calculation  showed  that  there  was 
ugh  of  the  consumed  nitrogenous  matter  available  for  fat- 
nation  to  cover  the  whole  of  the  fat  which  had  been  pro- 
ed. 

Thus,  it  has  been  concluded  from  experiments  with  animals 
ch  are  not  preeminently  fat-producers,  that  fat  is  probably 
er  formed  in  the  body  from  the  carbo-hydrates ;  and  some 
he  experiments  with  more  suitable  animals  have  been,  to  say 
least,  inconclusive.  Further,  it  seems  to  be  assumed,  that 
absolute  proof  on  the  point  can  be  obtained  without  the 
of  a  respiration-apparatus.  These  views,  moreover,  have 
ady  been  adopted,  not  only  by  some  physiologists,  but  in 
le  text-books  treating  of  the  application  of  chemistry  to  the 
ling  of  the  animals  of  the  farm.  Thus,  Professor  Emil  Wolff, 
lis  Landwirthschaftliche  Filtterungslehre — although  he  admits 
t  the  amounts  of  increase  produced  in  relation  to  constituents 
Dod  consumed,  which  it  is  established  by  common  observation 
jr  be  obtained  with  pigs,  and  still  more  those  recorded  in 
le  direct  experiments  with  those  animals,  are  almost  incom- 
hensible  without  assuming  the  direct  concurrence  of  the 
:>o-hydrates  in  the  formation  of  fat — nevertheless,  seems 
consider  that  evidence  of  the  kind  in  question,  and  we  sup- 
e  our  own,  therefore,  is  inconclusive.  He  says  that  exact 
•eriments  are  still  wanting;  and  he  suggests  that  accurate 
miration-experiments  with  pigs  should  be  made,  to  settle 
nitively  whether  the  carbo-hydrates,  as  well  as  albumin, 
contribute  directly  to  the  formation  of  fat  in  the  animal  body. 

*  lb.     Band  x. 
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Since  the  appearance  of  Professor  Emil  WolflTs  work,  and 
the  publication  of  the  negative  results  of  Weiske  and  Wildt,  wc 
have  carefully  reviewed  and  recalculated  many  of  the  results  of 
our  feeding  experiments,  including  those  with  oxen,  with  sheep, 
and  with  pigs ;  in  order  to  satisfy  ourselves  whether  any  doubt 
could  be  entertained  of  the  views  we  have  previously  advocated; 
and  whether,  therefore,  it  was  at  aU  incumbent  upon  us  to  insti- 
tute new  experiments  on  the  point.     The  result  of  this  exami- 
nation, so  far  as  the  ruminant  animals  are  concerned,  has  been 
to  show  that,  owing  to  the  comparatively  small  amount  of  in- 
crease obtained  with  them  from  a  given  amount  of  constituents 
consumed,  the  quantity  of  nitrogenous  substance  passed  through 
the  system  for  the  production  of  a  given  amount  of  increase 
was,  in  most,  if  not  in  all  cases,  so  large  as,  in  the  absence  of 
proof  to  the  contrary,  to  admit  of  the  assumption  that  the  whole 
of  the  fat  formed  had  its  source  in  transformed   nitrogenous 
matter.    At  any  rate,  no  absolute  proof  of  the  derivation  of  bt 
from  the  carbo-hydrates  can  be  obtained  from  data  of  the  kiad 
in  question  relating  to  such  animals.    In  deciding  the  point  iti 
regard  to  them,  the  evidence  afforded  by  the  analysis  of  the 
fseces  and  of  the  urine,  and  by  the  determination  of  the  pro* 
ducts  of  respiration,  must  also  be  brought  into  consideration* 
It  was  quite  otherwise,  however,  in  the  case  of  our  experimentB 
with  pigs ;  in  many  of  which  much  more  fat  was  produced  tha^^ 
could  possibly  have  been  derived  from  transformed  albumin  of 
the  food.     We  concluded,  therefore,  that  we  were  in  no  w^y 
called  upon  to  institute  new  experiments,  and  decided,  instead' 
again  to  direct  attention  to  the  results  quoted  in  the  sbo^^ 
paper  on  the  subject  published  in  1866,  as  already  referred  t^ 

The  figures  given  in  Table  I.  of  that  paper  show  b^"'' 
much  smaller  is  the  proportion  of  alimentaiy  organs  and  oO^" 
tents  in  a  given  live-weight  of  the  pig  than  of  either  oxen  ^ 
sheep ;  that,  in  proportion  to  a  given  live-weight,  the  pig  oc^^' 
sumes  a  very  much  larger  quantity  of  dry  substance  of  fcr^ 
within  a  given  time  (whilst  his  food  contains  a  veiy  much  hx^^ 
proportion  of  digestible,  and  therefore,  very  much  less  of  m 
«ary  effete  matter) ;  that  he  gives  several  times  as  much  in4 
in  relation  to  a  given  live-weight  within  a  given  time;  mo.' 
more  increase  in  relation  to  a  given  quantity  of  dry  substaop  ^ 
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od;  aJso  a  larger  proportion  of  fat  in  that  increase.  Fur- 
,  tbe  most  appropriate  fattening  food  of  the  pig  contains  a 
5r  proportion  of  readily  digestible  carbo-hydrates  than  that 
le  ruminant  animals.  All  these  conditions  indicate  the  pig 
e  the  most  suitable  animal  for  the  determination  of  the 
t  in  question. 

The  results  selected  to  illustrate  the  main  point  are  given 
able  II.  of  the  same  paper.     They  were  all  obtained  more 

20,  and  some  more  than  25  years  ago;  and  the  rations 
!  not  arranged  with  a  special  view  to  the  settlement  of 
question;  but  to  determine  the  relations  of  the  different 
tituents  of  food  to  various  exigencies  of  the  body,  and  the 
imt,  and  the  proportion  of  diffefent  foods  which  were  the 
;  favourable  for  the  feeding  of  the  animals.  Accordingly, 
series  included  proportions  varying  from  2*0  to  6*6  parts 
)n-nitrogenous  to  1  of  nitrogenous  substance  in  the  food, 
n  experiment  1,  two  animals  were  selected,  of  the  same 
r,  and  as  nearly  as  possible  alike  both  in  character  and 
ht;  the  weight  of  the  one  being  100  lbs.,  and  that  of  the 
r  103  lbs.  One  was  slaughtered  at  once,  and  its  contents  of 
)genous  substance,  fat,  mineral  matter,  &c.,  accurately  de- 
lined.  The  other  was  fed  on  a  mixture  consisting  of  bean- 
[,  lentil-meal,  and  bran,  each  one  part,  and  barley-meal 
3  parts,  given  ad  libitum,  but  accurately  weighed,  for  a  pe- 
of  ten  weeks,  when  it  had  nearly  doubled  its  weight.     The 

contained,  however,  a  considerably  higher  proportion  of 
»genous  to  non-nitrogenous  constituents  than  is  recognised 
le  most  favourable  for  the  fattening  of  the  pig.  The  ani- 
was  then  slaughtered,  and  analysed,  as  the  other  had  been« 
composition  of  the  food  was  also  determined  by  analysis, 
experiment  afforded,  therefore,  reliable  data  for  determin- 
the  amounts  of  fatty  and  nitrogenous  substance  consumed, 
amount  of  nitrogenous  substance  stored  up  in  the  animal 
ich,  and  also  the  amount  of  fat  stored  up. 
Sight  other  experiments  were  quoted,  in  each  of  which  a 
rent  food-mixture  was  employed,  and  in  each  of  which 
e  animals  were  fed,  in  some  cases  for  a  period  of  eight,  and 
thers  of  ten  weeks.  The  average  live-weight  per  head  at 
commencement  was,  in  these  eight  experiments,  respec- 
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tively,  143,  147,  144, 149,  95,  95,  94,  and  97  lbs.  Thus,  in 
first  four  cases,  the  average  initial  weight  per  head  was  notably 
more  than  that  of  the  two  animals  of  experiment  1 ;  but  in  the  last 
four  experiments  it  was  very  nearly  the  same.  In  the  calcula- 
tions, the  percentage  composition  of  the  animals  in  experiments 
2 — 9  was  assumed  to  be  the  same  at  the  commencement  as 
that  of  the  unfattened  animal  in  experiment  1,  and  the  same 
at  the  conclusion  as  that  of  the  fattened  animal  in  experiment 
1.  It  was  quite  obvious,  during  the  progress  of  the  experi- 
ments, that  the  animals  having  the  higher  proportions  of  nitro- 
gen in  their  food,  grew  more,  and  fattened  less,  than  the  otheis; 
and  careful  observations,  made  after  slaughtering,  entirely  con- 
firmed this.  The  tendency  to  error  in  the  calculations  would 
be  to  indicate  too  low  an  amount  of  nitrogenous  substance,  and 
too  high  an  amount  of  fat  stored  up  in  the  cases  with  the 
higher  proportions  of  nitrogenous  substance  in  the  food,  and 
too  high  an  amount  of  nitrogenoijis  substance,  and  too  low  an 
amount  of  fat  stored  up  with  the  lower  proportions  of  nitro- 
genous substance  consumed.  The  range  of  the  probable  enor 
here  supposed  is,  however,  not  such  as  at  all  to  throw  doubt  on 
the  validity  of  the  main  conclusions  which  are  drawn  from  the 
figures  as  they  stand. 

A  comparison  of  the  amount  of  ready-formed  fat  in  the 
food,  with  that  of  the  determined  or  estimated  total  fat  stored 
up  in  the  increase  of  the  respective  lots  of  animals,  showed  that, 
even  supposing  the  whole  of  that  consumed  had  been  retained* 
there  remained  from  two-thirds  to  nine^tenths  of  the  tot«* 
amount  stored  up  to  be  otherwise  accounted  for.     It  must  hB^^^ 
been  produced  within  the  body. 

The  next  question  was,  whether  this  large  amount  of  p^ 
duced  fat  could  possibly  have  been  derived  from  the  nitrogencF"^ 
constituents  of  the  food  ?  or  whether  it  must  of  necessity  ha"^ 
had  its  source,  in  gi*eater  or  less  proportion,  in  the  carb<^ 
hydrates  at  the  same  time  supplied  ? 

Deductiug  from  the  total  amount  of  nitrogenous  sabstanC^^ 
consumed,  the  small  amount  estimated  to  be  stored  up  as  suc^ 
in  the  increase  of  the  animal,  there  remained  a  large  pro^ 
portion  available,  it  may  be,  for  the  formation  of  fat,  with  othe-^ 
products.    In  order  to  give  to  the  nitrogenous  substance  of  th^ 
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food  not  stored  up,  its  fullest  possible  (and  even  more  than 
its  fullest)  value  for  fat-formation,  the  whole  of  its  carbon, 
minus  that  which  its  nitrogen  would  require  to  form  urea,  is, 
for  the  sake  of  illustration,  assumed  to  be  available  for  fat- 
formation. 

So  calculated,  the  result  in  experiment  1,  and  also  in  two 
of  the  other  cases  in  which  the  proportion  of  nitrogenous  to 
non-nitrogenous  substance  in  the  food  was  considerably  higher 
than  is  recognised  by  experience  as  the  most  suitable  in  the 
fattening  food  of  the  pig,  was  that  more  nitrogenous  substance 
was  available  for  fat-formation  than  was  necessary  to  supply 
the  estimated  amount  of  produced  fat.  In  the  cases  in  which 
the  nitrogenous  substance  was  not  so  excessive,  but  still  more 
than  is  the  most  appropriate,  there  was  a  considerable  pro- 
portion of  the  total  produced  fat  which  could  not  possibly  have 
been  derived  from  the  nitrogenous  substance  of  the  food. 
Lastly,  when  the  proportion  of  the  nitrogenous  to  the  non- 
nitrogenous  substance  in  the  food  was  the  most  appropriate 
for  fattening,  there  was  a  much  larger  proportion  (about  40 
per  cent)  of  the  total  produced  fat,  which  could  not  possibly 
have  had  its  source  in  the  nitrogenous  substance  consumed. 

Striking  as  are  these  results,  it  is  obvious  that  a  still  larger 
proportion  of  the  produced  fat  would  appear  to  be  formed  from 
the  carbo-hydrates,  if  it  were  assumed,  with  Henneberg  and 
Yoit,  and  as  is  doubtless  nearer  the  truth,  that  100  parts  of 
albumin  will  not  yield  more  than  51*4  parts  of  fat,  instead  of, 
according  to  the  foregoing  illustration,  about  61  parts. 

It  will  be  well,  however,  briefly  to  consider,  whether  an 
amount  of  error  in  the  estimates,  which  would  turn  the  scale, 
and  show  that  the  whole  of  the  produced  fat  might  be  derived 
from  the  nitrogenous  substance  of  the  food,  is  at  all  conceivable, 
at  any  rate  in  the  cases  in  which  the  proportion  of  the  nitro- 
genous to  the  non-nitrogenous  constituents  consumed  was  the 
most  nearly  that  which  is  recognised  as  the  most  favourable 
for  pig-fattening,  and  in  which  the  largest  amount  of  formation 
from  the  carbo-hydrates  is  indicated. 

Obviously,  the  most  important  point  to  consider  is  the 
range  of  error  admissible  in  the  estimation  of  the  fat  stored 
up  in  the  increase  of  the  animal. 
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It  would  be  necessary  to  reduce  the  estimate  of  the  amount 
of  fat  stored  up  by  more  than  30  per  cent  to  bring  it  low 
enough  to  be  covered  by  the  fat  in  the  food,  plus  that  deriv- 
able from  the  transformed  nitrogenous  substance,  leaving  all 
the  other  calculations  the  same.  If,  however,  we  vrere  to 
assume  that  100  nitrogenous  substance  yielded  only  51*4  &t, 
it  would  be  requisite  to  reduce  the  estimate  of  the  fat  in  the 
increase  by  more  than  40  per  cent.,  to  reverse  the  indication. 
This  is  on  the  assumption  that  the  whole  of  the  fat  of  the  food 
was  stored  up  in  the  animal,  which  would  certainly  not  be  the 
case.  It  is  also  on  the  assumption  that  the  whole  of  the  nitro- 
genous substance  of  the  food,  not  stored  up  as  such  in  the 
increase,  was  digested,  and  available  for  transformation  into 
fat,  &c.,  but  this  again  is  certainly  not  the  case.  According  to 
our  own  experiments,  it  may  be  supposed  that,  with  a  pig 
feeding  exclusively  on  good  barley-meal,  about  one-sixth  of 
the  total  nitrogen  voided  would  be  in  the  fseces.  But  if  it  be 
assumed,  according  to  the  estimates  of  E.  Wolff*,  that  20  per 
cent  of  the  nitrogenous  substance,  and  32  per  cent  of  the  M 
of  the  barley,  would  be  voided  undigested,  and  therefore  vrithout 
contributing  to  the  deposition  of  fat,  our  estimate  of  the  amonnt 
of  fat  stored  up  in  the  increase  would  have  to  be  reduced  by 
more  than  55  per  cent,  or  considerably  more  than  half,  to  bring 
it  within  the  amount  derivable  from  the  resorbed  fat,  and  tb& 
transformed  nitrogenous  substance  of  the  food. 

It  is  submitted  that  a  range  of  error  in  our  estimate^  at  aU 
approaching  even  the  lowest  of  those  above  assumed  for  tb^ 
sake  of  illustration,  is  simply  impossible.  It  is  further  sat^' 
mitted,  with  the  utmost  confidence,  that  such  is  the  wi<l^ 
margin  in  the  case  of  pigs  fattening  rapidly  on  their  mo^^ 
appropriate  fattening  food,  that  the  question  of  whether 
not  the  carbo-hydrates  contribute  to  fat-formation  may 
conclusively  settled  by  a  properly  conducted  experiment  wt^ 
those  animals,  without  any  analysis  of  the  fbces  or  the  nrin^ 
or  any  determination  of  the  products  of  respiration.  To  th^-' 
end,  we  would  suggest  that  two  animals  be  selected,  of  a  bre^^ 
of  good  fattening  quality,  and  as  nearly  as  possible  alike  *-^ 
characters  and  in  weight    A  convenient  size  and  weight  woo''^ 

^  Landwirthtehaftliehe  FUUenmg§lekre,  Appendix,  Table  L 
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»  say  about  90  lbs.  per  head.  Let  each  be  fed  with  ground 
rley  of  good  quality,  giving  it,  by  degrees,  as  much  as  it  will 
Qsume,  until  both  weigh  about  100  lbs.  Then  slaughter  one, 
d  determine  its  total  amoimt  of  nitrogenous  substance,  fat, 
^  Feed  the  other  in  the  same  way,  that  is  with  barley-meal 
id  water)  exclusively,  as  much  as  it  will  consume,  until  it 
iches  about  200  lbs.  in  weight.     Then  slaughter  and  analyse 

as  the  first.  The  quantity  and  composition  of  the  food 
ist,  of  course,  also  be  determined.  Such  an  animal  would 
Eisume  somewhere  about  500  lbs.  of  barley,  more  or  less,  and 
arease  from  100  lbs.  to  200  lbs.  in  live- weight,  in  from  8  to 

weeks,  more  or  less,  according  to  quality  of  the  animal, 
ality  of  the  food,  &c.  &c.  It  is  desirable  that  the  animals 
iected  should  have  been  feeding  on  fairly  good  food  pre^ 
rnsly,  so  that  the  transition  to  full  fattening  food  should  not 

too  sudden.  It  is  also,  of  course,  desirable,  that  the  ex- 
riment  should  be  made  in  duplicate  if  possible. 

But,  independently  of  the  results  of  any  such  experiments, 
may  be  asked,  what  is  the  lesson  of  common   experience 

this  matter  ?  We  say,  unhesitatingly,  that  the  experience 
the  feeding  of  animals  fully  confirms  our  view. 

In  reference  to  this  point  we  would  call  attention  to  the 
loured  diagrams  PI.  XXII.  which  show  the  proportions  of 
krogenous  substance  (black),  of  non-nitrogenous  substance 
3llow),  and  of  total  organic  substance,  nitrogenous  and  non- 
irogenous  together  (blue),  respectively : —  "* 

I— consumed  per  100  lbs.  live-weight  per  week, 

n — consumed  to  produce  100  lbs.  increase  in  live-weight, 

the  case  of  thirty  diflFerent  feeding  experiments  with  pigs, 
-h  of  which  comprised  not  less  than  three  and  some  four 
Linals,  and  in  each  of  which  they  fixed  their  own  consump- 
ti\  That  is  to  say,  various  current  foods,  but  containing 
iely  different  percentages  of  nitrogenous  substance,  being 
ected,  one  (or  a  mixture)  of  high,  or  of  medium,  or  of  low 

*  "Pig  Feeding;"  Jour.  Roy.  Ag,  8oc,  Eng.  VoL  xnr.  Part  2;  Experiments 
^,  and  12,  Series  1 ;  Experiments  1—12,  Series  2 ;  Experiments  1--6,  Series 

also  "On  the  Equivalency  of  Starch  and  Sugar  in  Food,"  Report  of  Brit.  A$$. 

1854;  Experiments  1—4.  See  also  ''Experimental  Enquiry  into  the  oom- 
tition  of  some  of  the  Animals  fed  and  slaughtered  as  human  food.'*  PhiU 
an*.  1859,  Part  2. 


08G  J.   R.   LAWES   AND  J.   H.   GILBERT. 

percentage   of   nitrogen,    was  given,   ad   libitum;  or  a  Rsel 
quantity  of  one   or  more  was  given,  and   another  given  ad     |  /• -»} 
Uhitinn ;  and  so  on.     In  this  way  the  animals  fixed  their  own 
consumption,  and  from  the  results  it  may  be  judged  by  what    Ixj  in 
requirement  this  was  guided.  Iv  ■^•■■ 

First,  as  to  the  consumption  by  a  given  live-weight  within  |r:<an 
a  given  time;  which  of  course  met  the  collective  requirements 
for  both  sustenance  and  increase.  Diagram  I  illustrates  this 
point.  The  lowest  amount  of  nitrogenous  substance  so  con-  l•;^^r.  i 
sumed  in  any  one  of  the  thirty  experiments  is  taken  as  100;  I .  *^ii 
and  it  is  seen  that  the  amount  of  it  consumed  ranged,  among  I.-  vn 
the  thirty  dietaries,  from  100  parts  to  more  than  300;  and  I. :i.{ 
it  averaged  more  than  200.  Reckoned  in  the  same  way,  the  yiii 
consumption  of  non-nitrogenous  substance  varied  from  100  to  i^--^ 
only  177  parts,  and  averaged  only  141  parts.  Again,  reckoneti 
in  the  same  way,  the  consumption  of  total  organic  substance 
(nitrogenous  and  non -nitrogenous  together)  ranged  from  10^^ 
to  only  150  parts,  with  an  average  of  125  parts. 

Secondly,  as  to  the  amounts  consumed  to  produce  1001L">* 
increase  in  live-weight.  Diagram  II  shows  that,  for  this  resul  <. 
the  consumption  of  nitrogenous  substance  ranged  from  IC** 
to  282  parts;  and  it  averaged  173  parts.  That  of  the  nor^' 
nitrogenous  substance  ranged  from  100  to  only  about  140  part  ^' 
with  an  average  of  124  parts;  and  that  of  the  total  orgaa  i*^ 
substance  (nitrogenous  and  non-nitrogenous  together)  from  IC^^ 
to  only  147  parts,  with  an  average  of  122  parts. 

It  should  be  explained  that,  as  in  the  Tables  and  DiagraDT-'^^'' 
given  in  the  original  papers  above  referred  to,  the  total  amoun  "^^ 
of  nitrogenous  and  of  non-nitrogenous  substance,  in  the  differec-** 
foods,  arc  taken  as  the  basis  of  the  calculations ;  no  deductir^  ^ 
being  made  for  "indigestible"  matter;  nor  is  the  fat  in  the focr^ 
reckoned  at  any  higher  value  than  the  other  non-nitrogenoK^  ^ 
constituents.  This  plan  was  adopted  as  best  representing  tfc  ^^ 
facts  actually  determined  by  analysis  ;  but  attention  was  at  tk  "^ 
same  time  directed  to  the  varying  amounts  of  indigestil^  -^^ 
matter  in  the  diflFerent  foods,  and  to  the  greater  or  less  amouiL  ^ 
of  fat  which  they  contained.  We  have,  however,  quite  recent  JJ' 
recalculated  the  whole  of  the  experiments,  making  deducti^^ 
for  indigestible  or  undigested  matter,  according  to  K  Wol^»* 
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Me  already  quoted,  and  with  him  multiplying  the  amounts 
fat  by  2'5,  and  have  constructed  Diagrams  according  to  the 
ta  so  obtained.  These  still  more  strikingly  illustrate  the 
int  in  question  than  the  Diagrams  herewith  given  ;  that  is  to 
y,  they  show  a  wider  range  in  the  amounts  of  the  nitrogenous 
bstance  consumed  in  the  diflferent  experiments,  a  less  varia- 
>n  (excepting  in  one  case  in  which  there  was  much  fat)  in  the 
counts  of  the  non-nitrogenous  substance  consumed,  and 
pecially  a  less  range  in  the  amounts  of  the  total  organic 
bstanoe  consumed.  The  two  methods  of  calculation  show, 
mever,  in  most  of  the  cases,  much  less  diflference  in  the  rela- 
)n  of  the  nitrogenous  to  the  non-nitrogenous  constituents  than 
ight  have  been  anticipated.  With  this  explanation,  we  still 
Ihere  to  our  original  plan  of  calculation,  rather  than  adopt 
rrections  based  upon  factors  as  yet  not  suflSciently  established*. 
b  the  same  time,  we  repeat  that  the  points  here  indicated 
ould  be  considered  in  judging  of  the  results  as  they  stand. 

It  is  then  perfectly  clear,  that  neither  the  amount  of  food 
nsumed  in  relation  to  a  given  live-weight  within  a  given 
ne  (which  of  course  covered  the  requirements  for  increase 
well  as  sustenance),  nor  the  amount  taken  to  yield  a  given 
lount  of  increase  in  live-weight  (which  in  its  turn  covered 
3  requirements  for  sustenance  also),  was  at  all  in  proportion 

the  amount  of  the  nitrogenous  constituents  it  supplied, 
is  quite  obvious,  that  the  consumption,  both  for  sustenance 
i  for  increase,  was  much  more  nearly  in  proportion  to  the 
tount  of  digestible  non-nitrogenous  constituents  supplied ; 
t  it  was  more  nearly  still  guided  by  the  amount  of  the 
al  digestible  organic  substance — nitrogenous  and  non-nitro- 
^ous  together — which  the  foods  contained. 

That  the  great  variation  in  the  amount  of  nitrogenous 
>stance  consumed  ^as  not  due  to  a  deficiency  of  it  in  most 
the  foods  employed,  is  shown  by  the  fact  that  it  was  in  the 
>eriment  in  which  the  food  contained  the  lowest  proportion 

it,  that  the  smallest  amount  of  nitrogenous  matter  was 
i^   only  consumed  in  relation  to  a  given  live- weight  within 

^  Professor  Emil  Wolff  has  recently  determined  the  proportions  undigested 
tlie  different  constituents  of  cocoa-nut  cake,  barley-m^,  maize-meal,  and 
^meal,  in  actual  experiments  with  pigs.  Versuchs-Stationen  Organ.  Band 
*     No.  4, 1876. 
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a  given  time,  but  was  required  to  produce  a  given  amount  <rf 
increase.     It  is  obvious,  that  where  two  or  throe  times  as  much 
nitrogenous  substance  was  consumed,  it  was  much  in  exces 
of  the  normal  requirement.    In  fact,  the  animals  consumed 
almost  regardless  of  the  amount  of  nitrogenous  substance  sap* 
plied,  until  they  had  obtained  a  suflSciency  of  non-nitrogenouB, 
or  of  total  organic  substance.    It  is  further  obvious,  that  the 
range  of  variation  in  the   amounts  of  non-nitrogenous  con- 
stituents consumed  would  have  been  very  much  less,  but  fot 
the  very  variable  amount  of  nitrogenous  substance  necessarily 
taken  with  it,  the  variable  amounts  of  fat  in  the  foods,  and  the 
greater  amount  of  indigestible  matter  in  some  of  them  than  iii  : 
others.  The  indication  is,  indeed,  that  the  excess  of  nitrogenouiJ 
substance  consumed  substituted  a  certain  amount  of  non-nitn>^  i 
genous  constituents;   that,   in  fact,  within  certain  limits,  tb*  ; 
two  classes  of  constituents  may,  for  the  purposes  of  respiratioa' 
and  fat-formation,  mutually  replace  each  other. 

Lastly  on  this  point,  not  only  did  neither  the  amount  of 
food  consumed,   nor   the   amount   of  increase  in  live-weight 
yielded,  bear  any  relation  to  the  ameunt  of  nitrogenous  sub-' 
stance  supplied,  but  the  more  excessive  the  supply  of  it  th 
greater  was  the  tendency  to  grow,  and  the  less  the  tendency 
fatten.     There  is,  of  course,  a  point  below  which  the  proporti 
of  nitrogenous  substance  in  the  food  should  not  be  reduced 
but  if  this  be  much  exceeded,  the  propoi'tion  of  the  inc 
and  especially  of  the  fat-increase,  to  the  nitrogenous  substan 
consumed,  rapidly  decreases;  and  it  may  be  stated  generally, 
that  taking  our  current  fattening  food-stufis  as  they  are,  it  i 
their  supply  of  digestible    non-nitrogenous,  rather    than 
nitrogenous  constituents,  which  guides  the  amount,  both 
the  food  consumed,  and    of   the  increase  produced,  by  th< 
fattening  animal. 

In  conclusion,  we  repeat  that,  in  many  of  our  experimen 
with  pigs,  much  more  fat  was  produced  than  could  possibi; 
have  been  derived  from  the  albumin  of  the  food,  and  hence 
carbo-hydrates  must  have  contributed  directly  to  its  formaticm 
further,  that  experience  in  practical  feeding  is  entirely  in 
cordance  with  our  views  on  the  point. 


r- 
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(Abstract.) 

a  a  former  paper  (**  Phil.  Trans.,"  Part  II,  1859)  the  authors  had 
sn  the  actual  weights,  and  the  percentage  proportion  in  the  entire 
7,  of  the  individual  org-ans,  and  of  certain  more  arbitrarily 
irated  parts,  of  326  animals — oxen,  sheep,  and  pigs — in  different 
iitions  as  to  age,  maturity,  fatness,  &c.  They  called  particular 
ntion  to  the  wide  difference  in  the  proportion  by  weight  of  the 
lachs  and  intestines  in  the  three  descriptions  of  animal ;  the  pro- 
ion  of  stomach  and  contents  being  very  much  the  highest  in  oxen, 
nderably  less  in  sheep,  and  little  more  than  one-tenth  as  much  in 
1  as  in  oxen.  On  the  other  hand,  the  intestines  and  contents  con- 
ated  a  less  proportion  to  the  weight  of  the  body  in  oxen  than  in 
er  sheep  or  pigs ;  the  percentage  by  weight  in  pigs  being  nearly 
re  as  high  as  in  sheep,  and  more  than  twice  as  high  as  in  oxen, 
-h  these  very  characteristic  differences  in  the  proportion  of  the 
jptacles  and  first  laboratories  of  the  food,  the  other  internal  organs 
actively,  as  also  the  blood,  contributed  a  pretty  equal  proportion 
freight  of  the  entire  body,  in  the  three  descriptions  of  animal, 
'en  animals  had  been  selected  for  the  determination  of  the  chemical 
^position,  namel}^ — a  fat  ca*]f,  a  half-fat  ox,  and  a  fat  ox;  a  fat 
b,  a  store  sheep,  a  half- fat  sheep,  a  fat  sheep,  and  a  very  fat  sheep ; 
ore  pig,  and  a  fat  pig.  In  these,  in  the  collective  carcass  parts,  in 
collective  offal  parts,  and  in  the  entire  bodies,  the  total  nitrogenous 
Jtance,  the  total  fat,  the  total  mineral  matter,  the  total  dry  sub- 
ice,  and  the  water,  were  determined ;  and  the  results  were  recorded 
discussed  in  detail. 

''  was  shown  that,  as  the  animal  fattened,  the  percentage  of  nitro- 
>U8  substance  decreased  considerably,  whilst  that  of  the  fat  and  of 
total  dry  matter  increased  in  a  much  greater  degree.  It  was 
Hated  that  the  portions  of  well  fattened  animals  which  would  be 
tinned  as  human  food  would  contain  three,  four,  and  even  more 
^8  as  much  fat  as  dry  nitrogenous  substance ;  and  comparing  such 
Qal  food  with  wheat-flour  bread,  it  was  concluded  that,  taking  into 
?ideration  the  much  higher  capacity  for  oxidation  of  a  given  weight 
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of  fat  tlian  of  starch,  such  animal  food  contribnted  a  mnch  liig 
proportion  of  non-nitrogenous  substance,  reckoned  as  starch,  to  on 
nitrogenous  substance  than  bread.  In  fact  the  introduction  of 
staple  animal  foods,  to  supplement  our  otherwise  mainly  farinac< 
diet,  did  not  increase,  but  reduced,  the  relation  of  the  flesh-foro 
material  to  the  respiratory  and  fat-forming  capacity  of  the  food. 

Finally,  the  actual  amount,  and  the  percentage,  of  total  ash,  in  i 
of  the  internal  organs,  and  some  other  separated  parts,  were  given 
was  shown  that  the  percentage  of  total  mineral  matter,  like 
of  the  nitrogenous  substance,  decreased,  not  only  in  the  entire  b 
but  especially  in  the  collective  carcass  parts,  as  the  animals  mate 
It  was  the  object  of  the  present  communication  to  record  the  resnli 
the  complete  analysis  of  the  ashes  of  the  collective  carcass  parts,  ol 
collective  offal  parts,  and  of  all  parts,  of  each  of  the  ten  anin 
Forty  complete  ash  analyses  had  been  made. 

As  was  to  be  expected,  more  than  four-fifths  of  the  ashes  consi 
of  phosphoric  acid,  lime,  and  magnesia ;  these  making  up  the  lai 
amoant  in  the  ash  of  the  oxen,  less  in  that  of  sheep,  and  less  sti! 
that  of  pigs.  Potash  and  soda  were  also  prominent  constitut 
Assuming,  for  the  purposes  of  illustration  merely,  that  one  of  p 
phorio  acid  was  combined  with  three  of  fixed  base,  the  ashes  of 
ruminants  showed  an  excess  of  base  ;  whereas,  according  to  the  s 
mode  of  calcalation,  the  ashes  of  the  pigs  showed  no  such  excess. 

It  was,  unfortunately,  only  in  the  case  of  the  offal  parts  of  the 
that  the  ash  of  the  chiefly  bony,  and  that  of  the  chiefly  soft  parts, 
been  analysed  separately.  The  results  showed  a  considerable  ei 
of  acid,  especially  phosphoric,  in  the  ash  of  the  non-bony  porti< 
presumably,  in  part  at  any  rate,  due  to  the  oxidation  of  phosph 
in  the  incineration.  In  further  reference  to  the  point  in  questio 
may  be  stated  that  although  the  oxen  and  sheep  show  a  higher 
centage  of  total  nitrogenous  substance  than  the  pigs,  yet  the  am( 
of  pure  ash  yielded  from  the  non-bony  parts  is  higher  in  propoi 
to  that  from  the  bones  in  the  case  of  the  pigs  than  in  that  of 
ruminants. 

Comparing  the  percentage  composition  of  the  ashes  of  the  ei 
bodies  of  the  different  animals,  the  chief  points  of  distinction  were 
— in  the  ash  of  the  pigs  there  is  a  lower  percentage  of  lime,  ai 
higher  percentage  of  potash  and  soda,  than  in  the  corresponding  at 
the  ruminants ;  there  is  a  somewhat  higher  percentage  of  phospl 
acid  in  the  ash  of  the  pigs  and  of  the  oxen  than  in  that  of  the  sh 
and  there  is  a  higher  percentage  of  sulphuric  acid  (and  somewlu 
ohlorine  also)  in  the  ash  of  the  pigs  than  in  that  of  the  other  anii 

A  table  showing  the  quantities  of  total  ash,  and  of  each  indivi 
mineral  constituent,  in  each  of  the  ten  animals  analysed  was  gi 
Not  much  stress  was  laid  on  the  amounts  in  the  partioalar  anii 
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analysed ;  as  the  actual  weights  and  condition  of  animals  coming  under 
similar  designations  may  vary  considerably. 

It  was  of  more  interest  to  consider  the  amounts  of  the  mineral 
constituents  in  carcass  parts,  in  offal  parts,  and  in  all  parts,  per  1,000  lbs. 
&sted  live- weight,  of  each  description  of  animal. 

It  was  shown  that  a  given  live-weight  of  oxen  carried  off  much 

more  mineral  matter  than  the  same  weight  of  sheep,  and  a  given 

weight  of  sheep  much  more  than  the  same  weight  of  pigs.     With 

each  description  of  animal  the  amounts  of  phosphoric  acid,  lime,  and 

magnesia,  are  less  in  a  given  live-weight  of  the  fatter  than  of  the 

comparable  leaner  individuals.     Of  both  potash  and  soda,  again,  the 

quantity  is  less  in  a  given  live-weight  of  the  fatter  animals.     The 

lame  may  be  said  of  the  sulphuric  acid  and  the  chlorine ;  in  fact,  in 

a  greater  or  less  degree,  of  every  one  of  the  mineral  constituents. 

It  was  estimated  that  the  loss  to  the  farm  of  mineral  constituents 
bj  the  production  and  sale  of  mere  fattening  increase  was  very  small. 
It  was  greater  of  course  in  the  case  of  growing  than  of  only  fatten- 
ing animals.  In  illustration,  the  amounts  of  some  of  the  most  impor- 
tant mineral  constituents  removed  annually  from  an  acre  of  fair 
aTerage  pasture  and  arable  land  in  various  products  were  compared. 
Sach  estimates  could  obviously  be  only  approximate,  and  the  quantities 
inll  vary  considerably.  With  this  reservation,  it  may  be  stated  that, 
of  phosphoric  acid,  an  acre  would  lose  more  in  milk,  and  four  or  five 
times  as  much  in  wheat  or  barley  grain,  or  in  hay,  as  in  the  fattening 
uunrease  of  oxen  or  sheep.  Of  lime,  the  land  would  lose  about  twice 
M  much  in  the  animal  increase  as  in  milk,  or  in  wheat  or  barley 
^rain ;  but  perhaps  not  more  than  one- tenth  as  much  as  in  hay.  Of 
potash,  again,  an  acre  would  yield  only  a  fraction  of  a  pound  in 
^!D3ma,\  increase,  six  or  eight  times  as  much  in  milk,  twenty  or  thirty 
^es  as  much  in  wheat  or  barley  grain,  and  more  than  100  times  as 
Diueh  in  hay. 

From  the  point  of  view  of  the  physiologist,  it  would  doubtless  have 
been  desirable  that  the  selection  of  parts  for  the  preparation  and 
^^udysis  of  the  ash  should  have  been  different,  and  more  detailed. 
*be  agricultural  aspects  of  the  subject  had,  however,  necessarily 
^uenced  the  course  of  the  inquiry ;  and  the  extent  of  the  essential 
^^k  had  enforced  the  limitation  which  had  been  adopted.  The 
'^solts  must  be  accepted  as  a  substantial  contribution  to  the  chemical 
s^tistics  of  the  feeding  of  the  animals  of  the  farm  for  human  food. 
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SEASON   1884-5. 


1 . — Introduction. 


^0  to  the  '*  Agricnltnral  Betnms/'  there  had,  in  1884,  been 
}  constructed  in  Great  Britain,  and  in  1885,  the  number  was 
•  1183.  It  is  probable  that  the  greater  portion  of  these  are 
he  hands  of  tenant  farmers,  as  eyen  at  the  best  of  times  thej 
over  eager  ii^  adopting  novelties ;  and  now,  when  the  most 
lepression  ei^ists,  they  may  readily  hesitate  to  pay  even  the 
npon  a  bnilding  which  after  t^al  might  be  found  to  be 

^ite  certain  that,  in  some  of  the  statements  which  have  been 
the  more  enthnsiastic  a4voQate8  of  ensilage,  there  has  been 
caggei-ation,  and  that  the  revolution  which  the  silo  was  to 
our  system  of  agricnltnre  has  yet  to  take  place. 
3  early  part  of  1884,  a  visit  paid  to  Mr.  Gibaon'-s  &rm  at 
balden,  where  the  system  of  ensilage  'y^as  in  full  operation, 
o  show  that  the  process  was  worthy  of  careful  ii^veatigation ; 
GKbson  kindly  supplied  much  valuable  information,  essential 
Ling  as  to  the  points  which  required  to  be  investigated, 
ion's  system  of  feeding  was,  to  give  the  silage  mixed  with 
id  when  used  in  this  way,  with  dry  food  in  addition,  the  milk 
er  yielded  by  the  cows  were  both  of  good  quality.  He  had 
rtained  that  clover-silage  was  superior  to  that  made  from 
;ra88. 
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Althongh  Mr.  Gibson's  experience  is  of  great  practical  valae,  it 
does  not  afford  mnch  help  in  regard  to  the  important  question- 
what  is  the  value  of  silage  as  compared  with  other  foods?  Agreit 
many  points  have  to  be  investigated  before  we  can  assign  to  tbe 
system  of  ensilage  its  proper  value  in  the  economy  of  the  farm.  We 
want  to  know,  how  good  a  food  silage  is  geneiully — and  especially  tli« 
silage  made  from  various  crops — both  as  compared  with  roots,  Mid 
with  the  same  crops  used  in  the  ordinary  way.  We  further  want  to 
know,  what  are  the  changes  that  take  place  in  the  pit,  and  how  TOftnj 
pounds  of  dry  matter  are  taken  out  for  100  lbs.  put  in ;  for  neithtf 
sour  nor  sweet  silage  can  be  made  without  the  destruction  of  some  o! 
the  food. 

J^uj  one  who  has  had  much  experience  with  oows,  and  the  prodadi 
of  a  dairy,  will  understand  at  once  that  where  the  object  of  experi- 
ments is  to  ascertain  the  value  of  one  food  compared  with  another,  in 
tbe  production  of  milk  or  butter,  the  subject  is  surrounded  with  diffi- 
culties. In  the  feeding  of  fattening  animals,  if  a  sufficient  number 
of  them  are  under  experiment,  and  the  food  is  carefully  weigW 
it  may  be  expected  that  the  increase  in  live-weight  will  give  » 
approximately  correct  indication  of  the  feeding  value  of  the  foods 
used.  With  cows,  however,  not  only  has  every  change  of  food  bodm 
influence  on  the  yield  of  milk,  but  the  same  food,  given  in  the  sams 
quantity,  will  produce  very  different  amounts  of  milk  with  different 
cows. 

It  is  also  we}l  known  that  milk  n^ay  be  produced  at  the  expense  d 
the  substance  of  the  cow  herself.  The  animal  may  not  be  even  loeiog 
weight  for  a  short  time,  an4  still  may  be  parting  with  solid  m«tter 
whiqh  is  replaced  by  water.  This  being  the  case,  all  experimenti 
over  short  periods,  in  which  one  food  is  substituted  for  another,  u* 
liable  to  the  serious  objection,  that  it  is  not  possible  to  say  what  tf 
the  source  of  the  change  in  the  milk  production,  As  every  cow  btf 
a  certain  milk  producing  capacity,  which  cannot  be  exceeded  \f! 
tfuj  manner  of  feeding,  the  animal  may  be  putting  on  flesh  i* 
lyell  as  yielding  milk  with  one  food,  while  it  may  only  yield  wS^ 
without  putting  on  flesh  with  another  food.  It  is  evident  that,  intli^ 
first  case,  the  food  possessed  a  higher  nutritive  value  than  in  A* 
iecond  ^  and,  consequently,  that  it  might  have  been  reduced  withoii 
lessening  the  production  of  milk.  What  has  been  said  will  be  sofr 
cient  to  show  how  difficult  is  the  task  of  carrying  oat  tmstwoHl? 
experiments  for  the  purpose  of  determining  the  inflnence  of  di&itf^ 
foods  on  the  production  of  milk  or  butter. 

In  addition  to  the  inquiries  respecting  the  oomparaiive  faediof 
value  of  silage  made  from  different  crops,  it  is  very  desirable  iW 
investigations  should  be  carefully  carried  out  in  regard  to  the  tiitr 
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of  food  to  the  milk  prodaced.  In  the  Bothamsted  dairj,  aa 
)ably  ia  all  dairies,  some  roagh  and  ready  plan  is  adopted  for  in- 
king or  diminishing  the  more  costly  foods  according  to  the  amount 
aQk  or  batter  yielded ;  bat  we  are  not  aware  of  any  experiments 
rhich  the  rise  and  fall  of  both  milk  and  food  have  been  m^e  the 
ject  of  careful  inquiry. 

ar  experiments  on  the  feeding  of  cows  with  silage  were  oom- 
iced  in  December,  1884,  with  red  clover-silage,  followed  later  with 
dow-grass-silage,  and  they  were  continued  until  the  cows  went 
to  gi*ass  in  the  spring.  I^ext  year  we  propose  to  repeat  some  of 
experiments,  with  different  foods,  as  it  is  very  desirable  that  the 
parison  between  a  corn  crop  cut  green  and  put  into  a  silo,  and 
same  crop  left  to  ripen,  should  be  n^ade  the  subject  of  investiga-i 

Oats  will  probably  be  the  crop  selected  for  this  purpose. 
1  is  contrary  to  our  usual  plan,  to  publish  the  results  of  our  expe- 
3nts  before  they  are  completed,  and  we  have  fully  made  up  ouf 
ds  as  to  the  lessons  to  be  learnt  from  them^  There  were,  hoy^ever, 
CDS  why  an  exception  seemed  desirable  in  the  case  of  our  ensilage 
sriments.  We  could  at  any  rate  supply  sufficient  information  tq 
ble  practical  farmers  to  draw  their  own  conclusions  from  the 
lence  brought  before  them.  Any  conclusions  so  put  forward, 
ever,  should  be  accepted  as  possibly  subject  tq  modification  as  the 
istigation  proceeds. 

Jthough  many  careful  experin^ents  are  carried  out  on  parts  of  the 
a  at  Rothamsted  without  regard  to  cost,  on  other  part^  the  object^ 
)  make  a  profit  just  as  much  as  on  any  other  farm.  The  dairy  is 
ordinary  ^y^prking  dairy,  intended  to  produce  niilk  as  cheaply  a^ 
uble.  A  contract  is  generally  made  to  furnish  so  many  gallons  of 
c  per  day  fqr  a  year,  and  it  may  be  mentioned  that  for  the  past 
r  the  contract  has  been  17(2.,  21d.,  and  22d,  for  17  pinta 
vpred  at  a  railway  station  in  London.  Within  certain  limits,  the 
atity  contracted  for  must  be  delivered.  If  more  ii^  piH)duced  it 
it  be  got  rid  of  some  other  way ;  and  if  there  is  a  deficiez^oy  tl^e 
'  alternative  is  to  purchase  more  cows. 

I  addition  to  the  cows,  there  are  stock  of  all  ages,  bred  on  the 
1,  and  ahout  40  Irish  oxen  are  generally  purchased  in  the  autumn 
onsume  the  rough  grasQ  left  by  the  cows.  The  land  is  mixed 
lie  and  pasture,  about  equally  divided.  Much  of  the  pasture  is 
ig,  an4  that  which  is  old  is  not  good.  Sheep's  fescue  and  Agrostis 
ail,  while  white  clover  and  the  better  grasses  can  only  be  obtained 
ligh  animal  manuring.  For  six  months  of  the  year  the  stock  are 
in  the  fields,  while  during  the  other  six  months  other  food  must 
rovided  for  them.     A  certain  amount  of  succulent  as  well  as  dry 

18  therefore  required.    For  the  former,  mangels  grown  on  the 
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farm,  are  geoerally  depended  npon ;  and  for  the  latter,  hay  and  straw, 
with  a  certain  amount  of  purchased  food. 

Under  these  circumstances,  which  are  as  ordinary  and  common- 
place as  can  well  be  imagined — and  although  milk  only  is  sent  to 
London,  it  would  be  the  same  if  butter  were  made — ^the  question 
to  consider  is :  What  benefit  will  be  deidyed  from  the  use  of 
silage  P 

Bach  cow  in  milk  requires  about  7  tons  of  mangels  during  the 
6  months,  say,  60  cows  X  7    420  tonft 

100  head  of  other  stock,  each  8^  tons  mangels  or  swedes    350  tons 

Total 770  tott» 

Estimating  the  dry  matter  in  the  roots  to  average  12  per  cept,  tb^ 
770  tons  will  give  about  92^  tons  of  dry  substance  of  food. 

Ten  tons  of  fresh  cut  grass,  clover,  or  tares — equal  to  nearly 
2^  tons  of  hay  per  acre — ^may  be  considered  a  full  yield,  and  ftbpis-'t 
qne-fifth  of  the  fresh  weight  would  be  dry  matter.  There  would 
therefore,  be  required  4612  tons  pf  the  fresh  green  produce,  or  tlx« 
produce  of  about  46  aci?es,  to  yield  the  same  amount  of  dry  matter  g^^ 
in  the  770  tons  of  roots. 

The  question  next  arises — What  crops  should  be  grown  for  en^ilag^ 
purposes  ?  Should  ^ome  of  the  corn  ci::Qps  be  cut  in  the  g^reen  state  ? 
should  less  roots  be  grown  ?  or  should  clover,  or  pasture  grass,  be  pixt 
into  the  silo  ? 

With  regard  to  the  clover  or  pasture,  there  is  the  difficulty  thiU 
a  certain  amount  of  hay  is  required  for  winter  consumption,  and  if,  zp 
a4dition,  a  quantity  of  green  grass  were  mown  for  the  silo,  less  stocl^ 
must  be  kept  in  the  summer,  which  would  be  an  objection.     It  is  tmi 
that  a  rather  better  price  is  obtained  for  milk  and  butter  in  the 
i)7inter;  but,  on  the  other  hand,  the  cost  of  keep  and  attendanoeii 
much  greater.     Possibly  it  may  be  suggested  that  ^luces  instead  of 
roots  should  be  grown ;  but  the  roots  generally  follow  a  second,  aad 
sometimes  a  third  corn  crop.     Winter  tares  are  an  excellent  crop,  and 
of  these  a  certain  number  of  acres  are  always  grown,  but  they  are  00^ 
to  be  compared  with  roots  as  a  cleaning  crop.     In  fact  the  Bul|6tita- 
tion  qf  a  silage  crop  for  roots,  would  be  equivalent  to  giving  up  taking 
4  barley  crop  after  wheat. 

If  25  tons  of  mangels  were  grown  per  acre,  28  acres  would  yield 
about  87^  tons  dry  substance  of  food,  whilst  of  ensilaged  orops  it 
woul4  require  inore  than  40  acres  to  yield  the  same  amount.  Tha 
relative  feeding  valuer  of  these  two  descriptions  of  food  form,  thero- 
fore,  a  yery  serious  matter  for  consideration.  Of  cooraei  aO  tin 
difficulties  mentioned  could  be  got  over,  if  it  were  dearly  ahown  tbat 
silage  ia  a  more  profitable  food.     But  without  roots  the  land  oKxaa^ 
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be  cleaned,  nnless  by  means  of  summer  fallow,  which  is  out  of  the 
qnestion ;  and  that  land  should  be  fairl j  clean  is,  certainly,  an  essen- 
tial point  in  successful  arable  farming. 

Practical  farmers  will  thus  see  that  there  are  difBculties,  which  are 
by  no  means  fanciful,  in  the  way  of  an  extended  adoption  of  ensilage ; 
and  that,  notwithstanding  all  that  has  been  said  in  favour  of  the 
process,  there  is  a  simplicity,  and  economy,  in  feeding  o£E  clover  on 
the  land,  and  the  summer  feeding  of  grass,  which  it  will  not  be  easy 
to  supersede.  Some  may  even  go  so  far  as  to  say  :  *'  I  don't  care  how 
good  silage  may  be  as  a  food,  I  cannot  see  my  way  to  adopt  it,  for  I 
must  grow  roots."  Others  may  say,  "  It  ought  to  be  a  very  good  food 
indeed  for  me  to  use  it,  for  it  has  a  most  disagreeable  smell,  which 
pervades  the  whole  farm."  The  general  view  will  probably  be  that 
some  farther  informatioi^,  dei'ived  fron^  carefully  conducted  experi- 
ments, is  very  desirable. 

2. — The  Construction,  and  the  Filling,  op  the  Silos. 

In  May  (1884),  the  ground  was  excayated,  and  the  buildjng  of  the 
silos,  of  which  there  are  t^o,  was  commenced.  Each  measured  16  feet 
by  13  feet  10  inches ;  the  depth  being  22  feet,  17  feet  below  the 
surface  of  the  ground,  and  5  feet  above  it.  The  silos  are  built  of  brick 
and  cement,  and  are,  in  fact,  water-tight  tanks,  with  a  corrugated  iron 
roof  over  them.  Each  silo  is  calculated  to  hold  from  100  tq  120  tons 
of  compressed  milage,  and  it  was  intended  to  fill  one  with  red  clover, 
and  the  other  with  meadow-grass  and  oats ;  but  as  the  oats  advanced 
rather  beyond  the  point  which  was  considered  desirable  for  the  pur- 
pose, this  part  of  the  experiment  was  postponed  until  another  year. 

The  first  crop  of  red  clover — which  was  pure  clover  without  rye 
grass — was  a  very  fine  one.  There  was  no  rain  during  the  filling  of 
the  silo,  although,  owing  to  the  delay  caused  by  the  weighing  and 
sampling,  the  operation  extended  from  June  23  to  June  30.  The 
operations  were  as  follows  :  every  cart,  as  it  came  from  the  field,  after 
passing  over  the  weigh-bridge,  was  brought  alongside  the  silo,  and 
the  clover  was  then  passed  through  a  chaff-cutter  driven  by  steam ; 
a  sample  of  the  chafE  being  taken  from  every  load.  Of  the  first  crop, 
98  tons  were  weighed  in,  several  men  and  boys  being  employed 
within  the  silo  to  spiiead  the  chafE  evenly,  and  tread  it  down.  The 
material  was  fii^t  coyered  with  boards  fitting  tolerably  close,  and 
then  pressure  was  applied  by  means  of  hard  StafEordshire  bricks, 
weighing  from  9  lbs.  to  10  lbs.  each.  The  pressure  per  square  foot 
amounted  to  about  90  lbs. 

At  the  end  of  August  the  boards  were  removed,  and  about  21  tons 
of  a  second  crop  of  clover  were  weighed,  chafEed,  put  in,  and  sampled. 
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After  the  pressure  had  been  again  applied  the  material  did  not  reach 
within  4  feet  of  the  top.  The  contents  then  measured  3706  cubic 
feet.  The  silage  of  the  upper  4  feet  weighed  45^  lbs.,  and  that  of 
the  lower  4  feet,  59^  lbs.  per  cnbic  foot,  giving  an  average  weight  of 
63'6  lbs.  per  cnbic  foot. 

The  second  silo  was  filled  in  exactly  the  same  way  as  the  first,  the 
meadow-grass  with  which  it  was  filled  being  taken  from  four  different 
fields.  It  will  be  evident  that  any  information  regarding  the  cost  of 
filling  the  silo  would  be  of  no  value,  as  accuracy,  and  not  economy,  wu 
the  main  object  to  be  attained ;  and  the  operations  are  so  simple  thtt 
any  practical  farmer  can  foi*m  his  own  estimate  on  the  subject.  It 
most,  however,  be  borne  in  mind,  that  in  carrying  fresh  cut  crops,  four 
or  five  times  as  much  weight  has  to  be  carted  as  would  be  the  cane  if 
the  crop  were  made  into  hay.  Roughly  speaking,  4  tons  of  fresh 
cut  clover  will  make  1  ton  of  hay ;  so  in  all  movements  of  the  crop, 
either  in  or  out  of  the  silo,  calculation  for  the  extra  amount  of  labour 
must  be  made  accordingly. 

3. — Quantity  and  Composition  of  the  Herbage  put  into  the  Silos, 

and  of  the  silaqe  taken  out. 

Silo  No.  I, 

Table  I  (p.  11)  shows — the  dates  of  filling  Silo  No.  1,  the  number 
of  loads,  the  fresh  weights  of  the  clover  as  put  in,  the  percentages  of 
dry  matter,  ash,  and  nitrogen,  in  it,  and  the  actual  quantities  of  dry 
matter,  ash,  and  nitrogen,  put  in. 

Table  II  (p.  12)  summarises  the  qxiantities  of  fresh  clover,  and  of 
its  various  constituents,  pot  into  the  silo;  and  it  also  shows — the 
quantities  of  silage,  and  of  its  various  constitaents,  taken  ont ;  the 
actual  loss  of  the  various  constituents ;  the  percentage  loss  of  eacli 
constituent,  reckoning  the  total  of  each  as  100 ;  and  the  percentage 
loss  of  each  constituent,  reckoned  on  the  total  Fresh  ^  100. 

We  have  thought  it  desirable  that  these  results  should  be  given  as 
fully  as  possible,  in  order  that  those  who  will  take  the  trouble  to 
examine  them,  may  form  their  own  conclusions  respecting  them.  This 
is  especially  desirable,  as  upon  one  very  important  point,  namely  the 
loss  of  constituents  which  occurs  in  the  silo,  we,  and  probably  most  of 
those  who  are  interested  in  what  may  be  called  the  chemistry  of 
ensilage,  have  formed  our  opinions  mainly  on  results  which  have  been 
published  by  German  or  French  chemists. 

It  would  appear  to  be  a  very  simple  thing  to  estimate  the  loss 
which  takes  place  in  a  silo.  It  may  be  said — ''  You  have  only  ctaMOf 
to  weigh  everything  that  goes  in,  and  everything  that  oomei  tm^ 
and  it  is  done."    It  will  be  seen,  however,  that  a  good  deal  moae^ 
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FiBST  AND  Second  Crop  Red  Clover. 
Table  I. — Quantity  and  Composition  of  the  Herbage  put  into  Silo  No,  1. 


Field. 


When 
put  in. 


No.  of 
Loads. 


Freflh 
Weight. 


Percentage  competition. 


Dry 

matter. 


Ath 
in  dry 
matter. 


Nitrogen 
in  dry 
matter. 


Total  weight. 


Dry 
matter. 


Ash. 


Nitrogen. 


First 

Crop  Clover. 

far  acm .......^ 

1884. 
Jane  23 
V     23 
„     23 
n     24 
..     24 
„     28 

20 
20 
5 
15 
14 
21 

Ibt. 
34,776 
39,035 

8,827 
24,462 
25,6.^4 
34,965 

Per  cent, 
16-36 
16-66 
19-99 
18-40 
19-26 
23-02 

Per  cent. 
10-80 
11-80 
9-68 
10-72 
10-92 
10-28 

Per  cent. 
2-942 
2-866 
2-781 
2-920 
2-793 
2-578 

Ibe. 

5,686 

6,503 

1,765 

4,501 

4,941 

8,049 

Ibe. 
614 
767 
171 
483 
640 
827 

lbs. 
167-8 
186-4 

49-1 

181*4 
138*0 
207 '6 

"''^QE*  «•««•■■«••«••••  ^ 

Jane  28 

28-30 

,,     30 

9 

15 

9 

12,628 
23,670 
13,677 

24-07 
21-32 
22-83 

9-64 
8^98 
8-87 

2-428 
2-382 
2-385 

3,040 
6,046 
3,122 

293 
461 
277 

73-7 
iaO'2 

74-6 

Total . . . 

128 

217,694 

•  •• 

•  •• 

•  •« 

42,663 

4,423 

1148*1 

Second  Crop  Clover^ 


^ 

Aug.  25 
„     25 
„     26 
„     26 
»     26 
M     26 
„     26 

4 
2 
8 
3 
4 
8 
6 

6,950 
3,590 
12.831 
5,088 
6,483 
4,786 
9,032 

47,760 
1,136 

19-13 
22-66 
17-10 
17-92 
18-66 
18-72 
21-90 

8-61 
8-92 
10-46 
10-16 
8-45 
9-22 
9-15 

2-616 
2-704 
2-688 
2-668 
2 '502 
8-623 
2 '524 

1,880 
813 

2,194 
912 

1,018 
896 

1,978 

116 
73 

229 
98 
86 
88 

181 

84*8 
22-0 
«Q*0 
24-8 

ki, 

26-6 
23-5 
49-9 

¥k»A*:0  ,  

Total .... 

•  •• 

30 
1 

(19-43) 

(9*-28) 

(2*-618) 

9,141 
221 

860 
21 

289-0 
6*8 

Total .... 

29 

46,624 

•  •• 

t«* 

a«* 

8,920 

839 

238-2 

Summary. 

41  crop  clover 

mi  crop  clover.. 

•  •• 

•  ■■ 

128 
29 

217.694 
46,624 

••• 
... 

... 

... 

42,663 
8,920 

4,428 
889 

1148-1 
238  2 

Total .... 

167 

264,318 

... 

... 

... 

51,573 

6,262 

1881-8 

Tons,  cwts. 

118    0 

••• 

... 

... 

28    Ok 

2    7 

0    12i 

&aQ  tliis  is  required.  So  far  as  regards  the  total  loss  we  have  no 
difficulty.  We  weighed  in  118  tons,  and  weighed  out  88|  tons,  thus 
showing  a  loss  of  29^  tons.  But  the  results  further  show  that,  of  this 
loBB,  more  than  28  tons  consisted  of  water,  and  only  about  1^  ton 
of  dry  or  solid  substance ;  the  total  loss  of  dry  substance  amounting 
to  about  5  per  cent,  of  that  put  in.  It  may  be  meutioned  that 
tiiis  is  very  nearly  the  same  amount  of  loss  as  that  which  we  found 
had  taken  place  in  a  large  rick  of  about  40  tons  of  hay,  after  standing 
^0  years. 
Cuef ul  experiments  have  been  made  in  Grermany,  by  Weiske  and 
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TablgII. — Qaanlity  and  Composition — of  the  Herbage  pnt  into  the  SiloNo. 
the  Silage  taken  out ;  and  actual,  and  Percentage,  Lass  of  Gorutituent*  in  t\a  i 


ADtbotlly 


S^ 


FlntcropdoTei 
Total  ... 


Silage  taken  out  of  the  Silo  No.  1. 


RnthamsMil 
Votlrker ., 

}-{ 

B,06» 

Vu 

'^ 

f:SSi 

I.»I8 

5^1 

Mnm  .. 

a.ia« 

7K 

M7 

i.sa; 

l.Wt 

«.«.  1 

}-{ 

40.7^1 

11,787 

l.Offi 

LOU 

«,2M 

fl,«M 

W,i» 

10.M6 

».«67 

I.Wl 

s;,i79 

fl,^a 

W.iN 

?tir,r 

]-{ 

^z 

ilssa 

44,41? 

i:^ 

M.HI 

a^rm  ... 

19,9W 

4,199 

1,289 

44,se. 

7,9» 

«e,(n 

Mm  cnp  dimT ... 


Per  Gent.  Lou- 


SsBondenip  elovn-^ 


LoM  of  Conttituentt. 


Total  of  each  CoMtHuent=10(i. 


Lptf—Total  Freih=100. 


"-■>•'■ 

J  ,.q 

I'-l 

';■? 

«:J 

Vi 

lI'-S 

14 

e-B 

ll-s 

US 

H-I 

II   1 

B'l 

Vwlckcr  ... 

1-1 

J-! 

U-B 

7-g 

!■» 

I-? 

1^ 

^■i 

lJ-3 

7-(l 

a -a 

7-8 

15 

BMt»iDn«l 

jj™... 

}'"{ 

U 

irs 

Ts 

3  4 

It 

6-1 

■  6-4 

B^ 

J -8 

B1 

«■* 

V»*iker  . 
Khu.. 

}....| 

1-8 
1-8 

V* 

l'^ 

1? 

0^ 

l-t 

l-I 

01 

0-08 

t-1 

0-i 

I-l 

Yoelc^fi.. 

}-{ 

0« 

S:S 

0-04 

0'* 

0-» 

o-» 

0-1 

0-» 

0-4 

0-04 

0-8 

0-1 

04 

llMil_ 

}-{ 

1-0 

S:i 

S-M 

Of 

°.i 

01 

ot 

1-0 

0» 

ow 

0  1 

ot 

0-4 
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Scholze,  on  the  ohanges  and  losses  in  ensilaging ;  and  as  their  resnlis 
are  familiar  to  all  those  who  have  studied  the  chemistry  of  ensilage, 
we  propose  merely  to  refer  to  them  so  far  as  to  point  out  that  with 
Inpines,  maize,  and  lucerne,  the  loss  during  fermentation  amounted  to 
between  22  and  36  per  cent,  of  the  dry  matter.  In  some  of  the  expe- 
riments one-third  or  more  of  some  of  the  food-constituents  contained 
in  the  green  crops  put  in,  was  destroyed,  while  another  portion  was 
reduced  in  value.  The  experiments  were  made  in  tight  casks,  and  in 
some  cases  the  filling  in  and  the  putting  on  of  the  pressure  were  done 
at  once ;  whilst  in  others  the  filling  was  extended  to  six  or  seven  days. 
The  latter  was  about  the  time  occupied  in  the  process  in  our  own 
experiments. 

In  the  German  experiments  the  loss  of  water  was  very  small,  but 
there  was  a  considerable  loss  of  mineral  matter.  It  has  been  gene- 
rally held  that,  as  in  the  fermentation  of  vegetable  substances,  which 
contain  both  organic  and  mineral  matter,  the  destruction  of  the 
former  necessarily  increases  the  percentage  Of  the  latter,  the  difEer- 
ence  between  the  amount  of  mineral  matter  in  the  fresh  crop  put  into 
the  silo  and  that  in  the  silage  taken  out,  would,  in  some  degree,  be  a 
measure  of  the  loss  of  oi^ganic  matter  during  fermentation,  and  also  be 
some  check  on  the  accuracy  of  the  work.  Weiske  and  Schulze  point 
out,  however',  that  owing  to  the  sand,  and  other  adventitious  mineral 
matters,  with  Which  bulks  of  herbage  from  the  field  are  always  con- 
taminated, the  difference  in  the  amounts  cannot  be  relied  upon  as  a 
basis  of  calculation.  Our  own  results  fully  confirm  this  view.  Indeed, 
they  show  a  loss,  and  not  a  gain,  of  mineral  matter  in  the  silage,  as 
compared  with  that  in  the  clover  put  in.  It  is  true  that  our  loss  of  dry 
substance  would  only  aihount  to  1  per  cent,  of  the  fresh  herbage,  and 
the  loss  of  mineral  matter  to  about  one-third  of  1  per  cent. ;  but  small 
as  this  loss  appears  to  be,  according  to  one  set  of  analyses  it  amounts 
to  729  lbs.,  and  to  the  other  to  1000  lbs.  in  the  total  quantity  of 
mineral  substances  contaiiled  in  the  118  tons  of  clover  that  were  put 
into  the  silo. 

The  complete  explanatioil  of  this  los^  is  not  very  obvious.  It  may 
be  pointed  out,  however,  that  of  the  16  samples  of  clover  which 
were  taken  as  the  crop  was  cihafEed  and  put  into  the  silo,  the  varia- 
tions in  the  percentage  of  ash  are  very  great ;  the  lowest  being  a  little 
below  8^,  and  the  highest  nearly  12  per  dent,  of  the  dry  substance. 

The  depth  of  the  silage  in  the  pit  was  between  17  and  18  feet ;  and 
its  removal  for  feeding  purposes  was  a  daily  operation  extending  over 
three  months.  It  was  taken  out  in  four  layers,  each  of  4  to  5  feet  in 
depth.  From  each  layer  five,  six,  or  more  samples  were  taken  for 
amJysis.  A  quantity  of  1000  lbs.,  or  more,  was  weighed,  and  rapidly 
mixed  on  an  asphalte  fioor,  so  as  to  avoid  loss  by  evaporation  as  much 
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as  possible ;  and  from  this  samples  were  taken.  To  ascertain  Om 
range  of  loss  by  evaporation  in  suoh  an  operation  several  experimenti 
were  made,  of  wbioh  the  following  is  an  example : — 

Ibt. 

January  2.     Weight  11.30  a.m 200 

3  P.M 199f 

After  turning  over  and  mixing  ^  ^ . . .      199^ 
January  3.     Weight  10  A.M 198 

Loss ; ; 2 

On  a  very  windy  day  the  loss  amounted  to  2^  per  cent.,  and  on  t 
still,  damp  day,  it  was  less  than  j^  per  cent.  On  the  25th  April,  the 
weighing  machine  was  taken  into  the  silo,  and  a  block  of  silage,  about 
3  feet  by  2  feet  by  3  feet  deep,  was  cut  out  and  immediately  weighed  b 
baskets,  when  the  weight  was  found  to  be  814  lbs.  It  was  then  taken 
to  the  mixing  floor,  where  it  was  turned  over  three  times,  and  samplei 
were  taken  from  it.  At  the  end  of  an  hour  the  silage  was  again 
weighed,  and  the  loss  was  found  to  be  not  quite  l|  per  cent.  It  wai 
noticed  that  the  floor,  althotigh  previously  quite  dry,  had  become  wet 
It  may  also  be  mentioned  that  the  weather  was  much  warmei*  when 
this  experiment  was  carried  out,  and  that  the  silage  was  taken  from 
the  second  silO)  the  first  having  been  emptied  some  weeks  previoaslj. 

It  should  be  added  that  the  silos,  which,  as  already  explained,  wen 
built  of  brick  and  cement,  were  filled  very  shortly  after  they  urerc 
finished.  This  may  to  a  certain  extent  have  been  a  source  of  lofts,  tf 
a  good  deal  of  the  floor  rested  upon  the  chalk,  which  would  carrj 
away  water  very  rapidly  if  there  v^ete  any  crack  in  the  cement.  It  ii 
quite  possible,  therefore,  that  some  loss  by  drainage  did  take  place. 
The  late  Dr.  Yoelcker  gave  the  Composition  of  the  drainage  from  i 
silo  as  90  per  cent,  of  water,  and  10  per  cent,  sdlid  matter,  of  which 
more  than  one-third  was  mineral. 

It  seems  somewhat  difficult  to  suppose  that  the  very  large  loss  of 
water  in  the  silo  was  ivholly  due  to  evaporation,  when  the  loss  of 
organic  matter,  by  fermentation,  was  so  small.  Bui  it  is  to  be 
observed  that  the  lower  layers  were  removed  more  slowly  than  the 
others,  so  that  the  cut  surfaces  were  longer  exposed ;  whilst^  as  t 
matter  of  fact,  the  silage  was  di'ier  towards  the  bottom.  On  theotber 
hand,  some  drainage  was  observed  soon  af tei*  the  fillihg  and  the  appli- 
cation of  the  pressure^  so  that  some  at  any  rate  of  the  loss  l^as  due  to 
drainage.  If  we  were  to  assume  that  drainage  had  taken  place 
sufficient  to  carry  off  the  Whole  of  the  apparent  loss  of  minerala^ 
amounting  to  863  lbs. — ^in  a  solution  of  the  strength  of  the  liquid 
which  was  pressed  out  of  a  silo,  and  was  analysed  by  the  kite  Prolenor 
Yoelcker,  the  loss  of  water  by  drainage  would  be  8  per  cent.,  and  hj 
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3Taporaiion  17  per  cent. ;  but  the  actual  loss  by  drainage  was  prob- 
ibly  less  than  here  supposed. 

It  is  satisfactory  to  knew  that  the  Council  of  the  Bath  and  West  of 
England  Society  have  voted  a  sum  of  mouey  for  the  purpose  of  inves- 
bigating  the  loss  of  nutritive  substances  which  takes  place  during  the 
feroientation  of  green  crops  in  a  silo ;  and  it  is  to  be  hoped  that  the 
experiments  will  be  carried  out  with  the  necessary  care.  It  is  evident 
that,  until  this  important  matter  has  been  thoroughly  sifted,  all  esti- 
mates in  regard  to  the  economy  of  ensilaging,  as  compared  with  the 
ordinary  operations  of  the  farm,  are  little  better  than  guess-work. 

Silo  No.  2. 

Silo  No.  2  was  similar  in  all  respects  to  Silo  No.  1,  as  already 
described;  and  was  only  divided  from  it  by  a  9-inch  wall.  From 
June  25  to  July  2  (1884)>  about  45^  tons  of  first-crop  meadow-grass, 
from  four  different  fields,  were  first  put  in.  The  whole  of  the  grass 
was  of  fairly  good  quality :  but  that  from  the  second  field  was  much 
the  ripest.  It  was  intended  to  follow  with  winter  oats  ;  but  the  hot 
weather  brought  the  crop  too  forward  to  be  suitable  for  silage ;  so 
the  full  pressure  was  applied. 

The  silo  was  opened  on  August  23,  when,  from  that  date  to  August 
26,  about  30^  tons  of  second-crop  red  clover  were  put  in. 

In  the  middle  of  October  the  weights  were  again  removed,  and  about 
6|  tons  of  secdnd-crop  meadow-grass  were  put  in.  Part  of  this  grass 
was  from  land  which  had  already  been  mown  once  ;  and  the  rest  was 
from  a  field  which  had  been  fed,  and  consisted  chiefly  of  the  portions 
which,  having  grown  too  strong,  had  been  left  by  the  stock. 
'  As  in  the  case  of  Silo  Noi  1,  all  the  crops  were  chaffed,  and  the 
material  was  evenly  spread  and  well  trodden  down,  as  it  was  put  in. 

Table  III  (p.  16)  gives  the  fresh  weights  of  each  lot  of  herbage  put 
into  the  silo ;  also  the  percentages,  and  the  actual  quantities,  of  dry 
matte)^,  mineral  matter,  and  nitrogen^  which  each  contained. 

Table  IV  (p.  17)  summarises  the  amounts  of  fresh  herbage,  and 
its  various  constituents,  put  into  the  silo,  and  gives  the  amoutits  of 
lUage,  and  of  its  various  constituents  taken  out.  It  also  shows  the 
actual  loss  of  each  of  the  constituents  in  the  silo,  the  loss  per  100  of 
ea«^h,  and  the  loss  of  each  per  100  of  fresh  herbage  put  in. 

Comparison  of  the  results  given  in  Table  III,  with  those  formerly 
g^ven  in  Table  I,  relating  to  the  herbage  put  into  Silo  No.  1,  will 
show  that  whilst  the  dry  matter  in  the  first-crop  clover  put  into  Silo 
No.  1  i^anged  from  under  17  to  24  per  cent.,  and  that  of  the  seoond- 
CTop  clover  from  over  17  to  under  23  per  cent.,  the  dry  matter  of  the 
first-crop  meadowi-grass  put  into  Silo  Nov  2  ranged  from  24i^  to  nearly 
32  per  cent.,  that  of  the  second-crop  grass  was  more  than  38  per  cent., 


!•*  EXPIUXI7TS  OS  D9IAGE. 

PiUT  in-  Simsr  Ct;?  Uuccw-Guii,  asd  Secoxd  Ciop  Cwni. 
T4KLE  UL — Q^xniry  a»d  C-jmpaiitio^  ff  tkt  H^rba^e  put  Ntto  Site  So.1 


Firrt  Cnp  3taU^-Grtut. 


Strtm/l  Crop  Clorer. 


mnj  Km _..,|  Ahcbm  -i 


Second  Crop  Meadouj-Grass. 


l-SM         MSft      ut    I 


Sun 

vwry. 

SiiSinirtor-t 

W 

IDl.tM 

::: 

E 

ST.Wtt 

81! 

»1 

TMil 

IM 

1H»M 

... 

... 

M,M! 

4,U) 

iw 

■M 

fc.^... 

81    11 

... 

... 

«.i|.« 

1  * 

MkI  tlmt  of  tint  looond-crop  oluver  ratified  from  ortir  18  to  over  39  per 
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ABLE  IV. — QuarUity  and  Composition  of  the  Herbage  put  into  Silo  No,  2  ;  of  the 
Silage  taken  out ;  and  Actual  and  Percentage  Loss  of  Constituents  in  the  Silo. 


Fresh. 


r>ry 
Matter. 


Ash. 


Nitro- 
gen. 


Dry 
Organic. 


Crude 

Nitrogenous 

Substance 

=  N  X  6-26. 


Crude 

Kon- 
Nitrogenous 
Substance. 


Herbage  as  put  into  the  Silo. 


Actual  Loss  of  Constituents. 


Loss  per  Cent. — Total  of  each  Constituent  =  100. 


Water. 


lbs. 

14,868 

68,121 

101,980 

lbs. 
6,666 
21,175 
27,602 

lU. 
612 
1,805 
2,216 

lbs. 
107 
652 
488 

lbs. 

6,163 

19,370 

lbs. 

669 
3{450 
2,738 

lbs. 

4.484 
15,920 
22.648 

lbs. 
9,198 
46,946 

mmA  crop  clover  

mcrop  irrass 

74,478 

Total    

184,959 

64,842 

4,533 

1,097        49.809 

6,b67 

42,962 

130,617 

' 

Silage 

taken  out  of  the  Silo. 

14,473 

6,068 
20,651 
28,861 

525 
1.809 
2,086 

91 
661 
369 

4.643 

18.842 
21,276 

668 
3.444 
2,306 

3,976 
16,398 
18.969 

9^406 

<ood  crop  clover  

ntcrop  gnus 

65,670 
90,798 

46,019 
67,437 

Total    

170,941 

49,080 

4,420 

1,011 

44,660 

6,818 

38,342 

121,861 

3i'5 

2.451 

11,182 

697 

524 

4,141 

+  13 

+  4 
130 

113 

16 

1 
69 

610 

528 

4,011 

101 

6 

432 

509 

622 

3.579 

+  212 

eond  croD  clover  

1,927 
7,041 

bK  csiOD  flrrass...... ......... 

Total    

14,018 

5,262 

86 

5,149 

639 

4,610 

8J66 

Per  cent. 

2-6 

3-6 

11-0 

Per  cent. 
10-6 
2-5 
15-1 

Per  cent. 
+2 '6 
+0-2 
6-9 

Per  cent. 
151 
0-2 
15-8 

7-8 

Per  cent. 
11 '8 
2-7 
15-9 

10-3 

Per  cent. 

16-1 

0-2 

15-8 

Per  cent. 

11-4 

3-3 

16-9 

Per  cent. 

+2*3 

xmd  crop  clover 

4*1 
9*6 

Total    

7 '6 

9 '7 

2-6 

7-8 

10*7 

6-7 

Losfi  per  Cent. — Total  Fresh  = 

100. 

2-6 

3-6 

11-0 

4-0 
0-8 
4-1 

+  0  09 
+0-006 
O'l 

0-11 

0-001 

0-07 

4-1 
0-8 
3-9 

0-7 

0-009 

0-4 

8*4 

0-8 
3-6 

+  1-4 

solid  crop  clover  

it  OOD  crass 

2-8 
7-0 

Total    

7-6 

2 '8           0-06 

0  04 

2-8 

0-3 

2-6 

4-7 

The  great  difference  in  the  composition  of  the  vai*ions  crops  put  into 
the  silos  renders  it  extremely  difficult  to  determine  With  certainty  the 
changes  and  the  losses  which  take  place  in  them.  There  is  also  con-  ' 
siderable  difficulty  arising  from  the  depth  of  the  silage  in  the  pits,  and 
the  necessity  of  taking  it  out  in  several  separate  layers,  and  occupying 
weeks,  or  it  may  be  months,  in  the  process.     The  experience  ^ined 
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this  first  year  will  probably  enable  us  the  better  to  guard  against 
some  of  these  possible  sources  of  error  in  the  f  atnre. 

The  columns  of  Table  III  (p.  16),  giving  the  percentages  of  ash  and 
of  nitrogen  in  the  dry  matter  of  the  herbage  put  into  Silo  No.  2,  sbow 
that,  whilst  in  the  first  crop  of  grass  the  ash  varied  from  7^  to  8|  per 
cent.,  and  iu  the  second  ci'op  of  grass  it  was  about  9  per  cent.,  in  the 
second  crop  of  clover  it  varied  from  about  8  to  about  11  per  cent,  of 
the  dry  matter.  There  is  a  still  greater  difference  in  the  percentagei 
of  nitrogen  in  the  dry  matter  of  the  two  descriptions  of  herbage. 
Thus,  whilst  in  the  dry  matter  of  the  meadow-grass,  the  nitrogen 
ranged  from  1*34  to  1*89  per  cent.,  in  that  of  the  clover  it  ranged 
from  2-27  to  2*91  per  cent. 

Turning  now  to  Table  IV  (p.  17)  it  is  seen  that  the  proportion  rf 
water  lost  in  the  silo  was  comparatively  small,  both  in  the  meadow- 
grass  and  in  the  clover.  The  loss  was  in  fact  much  less  than  in  Silo 
No.  1.  The  crops  put  into  the  Silo  No.  2  contained,  it  is  true,  a  mnch 
less  proportion  of  water  than  those  put  into  Silo  No.  1.  But  the 
amount  of  loss  by  fermentation  was  much  greater,  and  hence  it  would 
be  supposed  that  the  greater  heat  developed  would  have  caused  mon 
evaporation.  It  would  seem,  therefore,  as  was  supposed,  that  part  of 
the  gi*eater  loss  of  water  in  Silo  No.  1  was  due  to  drainage,  and  piii 
to  the  length  of  time  taken  in  using  the  silage,  and  the  consequent 
long  exposure  of  the  cut  surfaces.  In  the  second  crop  of  clover  in 
Silo  No;  2  the  loss  of  water  indicated  is  only  4*1  per  cent.,  whilst 
in  the  second  crop  of  clover  in  the  Silo  No.  1  it  amounted  to  over 
20  per  cent.  Further,  it  will  be  observed  that  there  was  an  actoal 
gain  of  water  by  the  second  crop  of  grass,  which  formed  the  top 
layer  in  Silo  No.  2,  it  having  doubtless  absorbed  watery  vapour  from 
the  layers  below  it. 

The  table  (lY)  shows  that  the  losses  of  diy  substance,  and  of  its 
several  organic  constituents,  were  much  greater,  both  in  the  first  crop 
of  grass  which  was  at  the  bottom  of  the  silo,  and  in  the  second  crop  of 
grass  which  was  at  the  top,  than  in  the  clover  between  them.  Of  th« 
21,175  lbs.  dry  substance  in  the  clover  put  into  the  silo,  there  wtii^ 
loss  of  only  524  lbs.,  or  of  only  2*5  per  cent. ;  whilst  in  the  first  crop 
grass  below  it  there  was  a  loss  of  15*1  per  cent.,  and  in  the  second 
crop  grass  above  it,  a  loss  of  1 0*5  per  cent,  of  the  dry  matter  put  iiii 

Of  mineral  matter,  or  ash,  the  figures  show  a  gain  in  the  second 
crop  grass,  and  in  the  second  crop  clover,  but  a  loss  in  the  first  crop 
grass.  An  examination  of  the  ashes  of  the  herbage  put  in,  and  of  tbe 
silage  taken  out,  clearly  shows  that,  as  before  assumed,  the  irregnlaritj 
is  dependent  on  the  variable  amounts  of  adventitious  mineral  matter 
in  the  ashes. 

Of  the  total  nitrogen,  the  loss  in  the  first  crop  of  grass  below  tba 
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clover  was  15*8  per  cent.,  and  in  the  second  crop  grass  above  the 
clover  it  was  nearly  the  same,  namely,  15*1  per  cent. ;  whilst  in  the 
clover  itself,  between  them,  the  percentage  of  nitrogen  in  which  is  so 
mnch  higher,  the  loss  of  it  was  extremely  small,  amounting  to  less 
than  a  quarter  of  1  per  cent. 

Thns,  contrary  fco  what   might   have   been  expected,  the  resnlts 
indicate  mnch  more  loss  of  dry  matter,  and  of  its  several  constituents, 
in  the  meadow-grass  than  in  the  clover.     Further  reference  to  the 
various  changes  and  losses  will  be  made  when  we  come  to  consider 
the  chemical  composition  of  the  herbage  put  in,  and  of  the  silage 
taken  out  of  the  silos.     It  is  obvious  that,  so  far  as  the  results  of 
these  first  experiments  are  to  be  relied  upon,  the  losses  of  the  food- 
constituents  of  the  crops  are  far  less  than  in  the  German  experiments 
before  referred  to. 

4. — The  Chemical  Composition  op  the  Silage. 

AJ  though  a  very  large  amount  of  analytical  work  has  been  executed 
in  connection  with  our  ensilage  experiments,  the  data  at  present  at 
oommand  are  insufficient  to  enable  us  to  discuss  at  all  adequately  the 
changes,  and  the  losses,  which  have  taken  place  in  the  herbage  put 
into  the  silo.  Still,  the  results  do  bring  to  view  some  points  of 
interest  respecting  which  there  can  be  little  doubt. 

Confining  attention  on  the  present  occasion  to  Silo  No.  1,  it  may  be 
stated  that,  of  the  herbage  put  in,  nine  different  mixed  samples  were 
made  of  the  first-crop  red-clover,  and  seven  of  the  second-crop  red- 
clover,  as  chafied  and  put  into  the  silo.     Each  of  these  samples  repre- 
BBiits  the  number  of  loads,  and  the  weight  of  herbage,  as  shown  in 
Table  I,  page  11 ;  and  is  a  mixture  of  a  given  quantity  taken  from  each 
individual  load.     Unfortunately,  the  pressure  of  other  work  in  the 
Bothamsted    Laboratory  rendered  it  quite  impossible  to  determine 
the  composition  of  these  mixed  samples  in  the  green,  undried  con- 
dition.    Each  was,  however,  carefully  snn-and-air  dried ;  and  in  each^ 
liie  dry  matter,  the  ash,  and  the  total  nitrogen,  were  determined  at 
Bothamsted.     In  proportionally  mixed  samples,  representing,  respec- 
tively, the  whole  of  the  first  crop,  and  the  whole  of  the  second  crop, 
th«  amounts  of  total  nitrogen^  of  albuminoid  nitrogen,  and  of  woody 
fibre,  have  also  been  determined.   The  analyses  of  these  mixed  samples 
are,  however,  incomplete,  but  we  are  able  to  give,  furthor  on,  a  general 
indication  of  their  bearing. 

The  first  crop  of  clover  put  into  the  silo  formed  a  layer  of  silage  of 
13  feet  10  inches  in  depth ;  and  the  second  crop  clover  above  it  a 
layer  of  4  feet  of  silage. 
This  latter,  the  second  crop  clover-silage,  was  taken  out  in  one  layer 

B  2 
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to  its  full  depth ;  and  six  samples  were  taken  from  it,  namely— on 
December  13,  15,  18,  and  30,  1884,  and  January  2  and  7, 1885.  In 
each  of  these,  the  dry  matter,  the  ash,  and  the  total  nitrogen,  were 
determined  at  RothamRted  ;  and  of  three  of  them,  namely,  those 
taken  on  December  13,  18,  and  30,  more  complete  analyses  were 
made  by  Dr.  John  A.  Voelcker. 

The  first  crop  clover-silage  was  taken  out  in  four  layers,  respect- 
ively of  4  feet  2  inches,  4  feet,  5  feet,  and  8  inches^  in  depth.  From 
the  first  layer  five  samples,  namely,  on  January  14,  17,  20,  23,  and  28, 
were  taken ;  from  the  second  layer  five  samples  were  taken,  namely, 
on  February  2,  6^  10,  17,  and  19 ;  from  the  third  layer  six  samples 
were  taken,  namely,  on  March  6,  12,  14,  18,  and  26,  and  April  4: 
and  from  the  fourth  layer  five  samples,  namely,  on  March  10. 
13,  17,  and  20,  and  April  2.  In  each  of  these  first  crop  clover- 
silage  samples,  the  dry  matter,  the  ash,  and  the  total  nitrogen,  were, 
as  before,  determined  at  Rothamsted ;  and  more  complete  analyses 
were  made  by  Dr.  John  A.  Voelcker,  of  the  samples  of  January  17 
and  23j  of  the  first  layer;  of  February  6  and  17  of  the  second  layer; 
and  of  March  12  of  the  third  layer.  It  was  intended  that  another 
complete  analysis  of  the  silage  of  the  third  layer,  and  at  least  one  of 
that  of  the  fourth  layer^  should  haVe  been  made,  but  this  has  nol 
been  accomplished. 

Tables  V  and  VI  (pp.  21  and  22)  'give  the  results  of  the  three  com- 
plete analyses  of  the  second-crop  clover-silage,  and  of  the  five  of  tli0 
first-crop  clover-silage ;  and,  in  the  lower  part  of  each  table,  is  given  t 
summary  showing,  side  by  side  with  Dr.  Voelcker's  determinations  of 
dry  matter,  ash,  and  nitrogen,  those  made  at  Rothamsted  in  the  nmt 
samples.  Table  V  shows  the  percentage  composition  of  the  silage  ii 
the  moist  condition  in  which  the  samples  were  taken ;  and  Table  VI  1 
shows  the  percentage  composition  of  the  dry  substance  of  Ibe  J 
silage. 

It  will  be  seen  that,  upon  the  whole,  Dr.  Voelcker's  and  ilM 
Rothamsted  determinations  of  dry  matter,  and  of  nitrogen,  in  tl» 
silage,  agree  very  closely.  Dr.  Voelcker*s  determinations  of  mineitJ 
matter,  or  ash,  are,  however,  always  higher  than  those  made  li 
Rothamsted ;  the  difference  being  probably  due  to  the  fact  thati  ii 
the  Rothamsted  ashes,  all  visible  adventitious  matter  was  caiefaDf 
picked  out)  whilst  this  was  not  done  in  the  case  of  Dr.  Voelcker^ 
ashes. 

It  is  frequently  assumed  that,  although  there  is  more  or  lees  hm  ft 
certain  food-constituents  in  the  conversion  of  snocnlent  herbsgft  into 
silage,  yet  this  is  more  than  compensated  by  the  conTermon  of  indi- 
gestible into  digestible  matter.  The  results  at  present  at  our  commr*^ 
certainly  do  not  seem  to  bear  out  this  view.  1 
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flLTSES  or  THB  SiLAGI  FROM  SiLO  NO.   I  ;   FiRST  AND  SECOND  CrOP  ReD  ClOVKR  ; 

Complete  Analyses  by  Dr.  J.  A.  Voelcker  ; 
Partial  Analyses  made  at  Rothamsted. 

Table  V. — Per  Gent  in  Fresh  Silage.     Detailed  Analyses  of  each  Layer. 


2Dd  Crop  Red  Clover. 

lit  Crop  Red  Clorei 

• 
• 

Gomtitueiita. 

Depth  of  Silage  4  feet. 

l8t  depth, 
4  feet  2  inches. 

2nd  depth, 
4  feet. 

3rd 
deptb, 
5  feet. 

Sample  1 
taken 

Dec.  13, 
1884. 

Sample  2 
taken 

Dec.  18, 
1884. 

Sample  3 
taken 

Dec.  30, 
1884. 

Mean. 

Sample  J 
taken 

Jan.  17, 
1885. 

P.  cent. 
76-24 

0*31 
1-81 

Sample  2 
taken 

Jan.  23, 
1885. 

Sample  1 
taken 

Feb.  6, 
1885. 

Sample  2 

taken 

Feb.  17, 

1885. 

Sample  1 
taken 

Mar.  12, 
1885. 

Mean. 

!».. « 

Mt  Altaminoida 

MUe  Albuminoids  ... 

P.  cent. 
78*39 

0-.12 
1-94 

P.  cent. 
79-17 

0-44 
1-75 

P.  cent. 
78-30 

0*49 
1*69 

f.  cent. 
78*62 

0*35 
1*79 

P.  cent. 
76-49 

0-60 
1-81 

P.  cent. 

73-84 

0-88 
1-93 

P.  cent. 
73-88 

0*75 
1-75 

P.  cent. 
73*82 

0-56 
2*19 

P.  cent. 
74-86 

0-60 
1-90 

TvM  .       .   .X. 

2i06 

li28 
0*76 

2-19 

1-37 
0-64 

2-18 

1-28 
0*76 

2*14 

1*31 
0*72 

2  12' 

1*45 

0-67 

2-31 

1*40 
0-69 

2-09 

6-13 
6-70 

2*81 

1-88 
0*71 

2*50 

1-69 
0-88 

2*75 

1*58 
0*78 

2*50 

WlA^  

1*60 

riMliAili  

0*75 

Total  

2-04 

6-37 
7*02 

2  01 

5r29 
6*41 

2-03 

6-61 
6*15 

2*03 

5-39 
6-63 

2-12 

6-93 
6-72 

2-59 

6-56 
6-48 

2-57 

7-06 
6-50 

2*3< 

6*45 
6*67 

2^ 

|MU«  Fibre  

6*42 

M|f  Fibre 

6*61 

Tbtal  

12^ 

0-44 
0*86 

11-70 

0*19 
118 

11*66 

0-62 
0*85 

11*92 

0-42 
0-96 

12-66 

0-66 
1-10 

12*83 

0-76 
0-84 

13*04 

0*63 
1-11 

13-56 

0-70 
0*79 

13*12 

0-73 
0*81 

13*03 

ieadd 

0-68 

tt^^rH  ..    . 

0*93 

Total  

1^ 
I  3*82 

1*37 
3*56 

1-47 
4-36 

1-38 
3*91 

1-66 
5*21 

1*60 
4*68 

1*74 

5  •9a 

lv49 
6  00 

1*54 
6*41 

1*61 

nit     Csfteliydratea, 
Mm    (1),     Cblon>- 

6*66 

Totalof  aU 

100*00 

100  00 

100-00 

100*00 

100*00 

100*00 

100*00 

100*00 

100-00 

100*00 

2*^kiimini>id  Nitro< 

0<33 
j   0*21 

0-36 
0-17 

0-35 
0-20 

0-35 
0*19 

0-34 
0*17 

0-37 
0-22 

0*45 
0-23 

0*40 
0-26 

0*44 
0*28 

0*40 
0*23 

ToUl  

0-54 

0*62 

0*55 

0-54 

0-51 

0*^9 

0-68 

0-66 

0-72 

0*68 

Summary. 

14 

r 

(Yoftleker  

•  Rothasuted  * 

2^•6^ 
21-38 
21*82 

« 

20-83 
20-44 
20-63 

21*70 
21-62 
22-24 

21:38 
21-16 
21-56 

23-76 
23-84 
24*40 

23-61 
22-74 
23-50 

26*16 
26*00 
25*63 

26-12 
25-29 
26*99 

26-18 
26-15 
25*88 

25*15 
24-40 
26*08 

1  ybekker  

2*04 
1*92 

2*01 
1-81 

2-03 
1*93 

2-03 
l-£9 

2-12 
2-02 

2  09 
1-90 

2*59 
2-36 

2-57 
2*44 

2*86 
2-11 

2*3ft 

2*17 

^      1 

^Voelcker   

['Botiuunated  ... 

0-54 
0-56 

0-52 
0-53 

0-56 
0-67 

0*64 
0*65 

0*61 
0*54 

0-69 
0-64 

0-68 
0-66 

0*66 
0*67 

0*72 
0*69 

0*68 
0-62 

•  Actual  result  by  drying  at  100^  C. 


t  Actual  result  -f  Tolatile  (acetic)  add. 
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Znl  Crop  Red  Cloirer. 

IKCropBcdClonr. 

DtpLbafSUictCHI. 

Af«,^S^ 

Znad.p»h. 

St 

*^' 

«^. 

Buoplcl 
Ju.  IT 

Supine 

Jb.21, 
IMS. 

Feb. IT. 

18H. 

''"d™'" 

P.cml. 

s-ss' 

8-U 

P.o-nt 
7-M 

F.«ol 

■"i™' 

i-a; 

'il! 

■  •u 

ID-SI 

10 -u 

10 -N 

8-» 

B'U 

I0<14 

S-A1 

i»-il 

S:« 

t^S? 

fi-M 

;:;; 

?:« 

!-M 

j:|? 

s:j; 

t-n 

DigwOalf  Fibre  

wood,  Kb™     

3" 'IS 

2&-10 

"■H 

£S 

M-2d 

as 

(4 -77 

27-03 

ss 

Artlfc  Add 

fM 

!:S 

»'B0 

i:S 

2-H 
4-M 

*-M 

:-:ji 

!;*» 

i-n 

UnleAcid  

Totil  ^... 

6-02 

6-M 

6-77 

E'4S 

t-va 

6 -SO 

B-8i 

ft-JO 

9-H 

« 

phj'u.iD. ..:. °!T.. 

1 

t""" 

„.» 

... 

,.-» 

„:. 

,.... 

M-se 

2S-K 

„« 

Touloflll    

Iftl-M 

[CO'M 

100  00 

100-00 

IWUO 

IWOO 

100-00 

loo-w 

lOo-OO 

(l)N™-.lbiuuii,DidNii™- 

1-U 

;" 

0-M 

0-90 

i-4a 

1-61 

0-88 

i-oo 

„ 

2-(Hl 

■i-M 

2-61 

2-11 

J-M 

a-«. 

2-M 

" 

Bummary. 
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The  percenta£re  of  ^^  woody  fibre"  is  considerably  higher  in  the  dry 
substance  of  the  silage  than  it  was  found  to  be  in  that  of  the  herbage 
put  in ;  and,  so  far  as  the  results  enable  ns  to  calculate,  there  was  no 
reduction  in  the  total  amount  of  woody  fibre  put  into  the  silo.  The 
lifferences  in  the  percentages  of  woody  fibre  in  the  different  samples 
>f  silage  which  the  analyses  show,  might,  at  first  sight,  lead  to  the 
K>nclnsion  that  there  has  been  a  reduction  in  its  percentage,  and  in  its 
unount,  in  the  lower  layers ;  and  the  results  might  further  be  supposed 
TO  indicate  a  somewhat  corresponding  increase  in  the  soluble  extractive 
natters  (soluble  carbohydrates,  <&c.).  But  a  careful  consideration  of 
>he  differences  in  the  condition  of  maturation,  and  in  the  composition 
iccordingly,  of  the  herbage  contributing  to  the  several  layers  of 
lilage,  shows  that  the  differences  in  the  composition  of  the  latter  in 
bhese  respects,  are  obviously  connected  with  differences  in  the  cha- 
racter of  the  herbage  put  in. 

As  to  the  relative  proportions  of  soluble  and  insoluble  albuminoids 
in  the  silage,  it  is  obvious  that  they,  too,  are  largely  dependent  on 
the  conditions  of  succulence,  or  of  ripeness,  of  the  herbage  put  in ; 
Ihongh  some  of  the  results  seem  to  favour  the  view  that  a  portion  of 
the  insoluble  albuminoids  has  become  soluble.  According  to  the 
results  given  in  Table  II  (p.  12),  there  was  a  loss  of  about  8  per  cent,  of 
fehe  total  nitrogen  of  the  herbage  put  into  the  silo ;  and  the  analytical 
results  now  given  show  that,  of  the  total  nitrogen  in  the  silage  from 
the  first  crop  clover,  there  was  an  average  of  36*8  per  cent,  in  a  non- 
albuminoid  condition ;  whilst  initiative  results  show  that,  in  the 
herbage  put  in,  less  than  20  per  cent,  of  the  total  nitrogen  was  non- 
albuminoid.  Again,  of  the  total  nitrogen  of  the  second-crop  clover- 
silage,  there  was  an  average  of  36  per  cent,  non-albuminoid  ;  whilst  in 
the  very  ripe  herbage  put  in,  only  about  10  per  cent,  of  the  total 
nitrogen  was  non -albuminoid.  These  results  are  quite  in  accordance 
with  those  obtained  by  Professor  Kinch,  Mr.  Clifford  Richardson,  the 
late  Dr.  Voelcker,  Mr.  W.  H.  Jordan,  and  others. 

Thus,  not  only  is  there  a  loss  of  nitrogenous  food-material,  but  a 
very  considerable  proportion  of  the  nitrogenous  substance  which 
remains  is  degraded  into  compounds,  some  of  which  are  of  no  value 
as  food  (ammonia  for  example),  whilst  others,  forming  a  much  larger 
proportion,  are,  to  say  the  least,  of  reduced  food-value.  Further, 
besides  the  loss,  and  the  degradation,  of  nitrogenous  substance,  it  has 
been  shown  that  there  was  also  more  or  less  loss  of  non-nitrogenous 
matter ;  whilst  there  is  no  evidence  that  woody  fibre  of  a  certain 
degree  of  induration  has  been  rendered  more  soluble. 

It  remains  to  see  what  are  the  results  of  the  experiments  on  the  feed- 
mg  of  animals  with  the  silage. 
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5. — Experiments  with  Pittbninq  Oxen. 

In  the  beginning  of  December,  1884,  10  oxen  were  selected  fromt 
herd  of  40  Irish  shorthorns,  of  good  quality,  which  cost  aboat  161.  a  head 
delivered  at  I^othamsfced  a  sl^ort  time  previously.  On  December  19tli, 
they  were  weighed,  and  divided  into  two  lots  of  five  each  ;  care  being 
taken  that  the  two  lots  should  cprrespond  as  far  as  possible,  both  as  to 
the  character  of  the  animals,  and  in  weight.  The  difference  in  the 
average  weight  per  head  of  the  two  lots,  was,  at  the  commencement 
of  the  experiment,  only  12  lbs.  For  the  purpose  of  the  experiment 
they  were  placed  in  ten  boxes  under  the  same  roof ;  one  lot  of  five 
facing  the  other  lot  of  five. 

The  experiment  was  arrailg^d  to  compare  the  feeding  value  of  red- 
clover-silage  with  that  of  an  ordinary  winjtrpr  food  for  fattening 
stock — namely,  a  mixture  of  clpveir-hay-chaff  apd  swedes.  Besida 
these  foods,  which  were  to  be  tried  one  against  the  other,  each  animal 
received  the  same  description  and  amount  of  pi^rchased  or  saleable 
food  ;  namely,  6  lbs.  of  cake,  and  4^  lbs.  of  barley-meal,  per  head  per 
day.  Of  the  experimental  foods,  one  lot  received  an  average  of  ratbar 
more  than  65  lbs.  of  clover-silage  per  head  per  day  ;  ai^d  the  other  lot 
12  lbs.  of  clover-hay-chafF,  and  an  average  of  abput  $0  lbs.  of  swedei, 
per  head  per  day.  As  far  as  we  could  c^cujat^  l^^rehand,  the 
quantity  of  dry  substance  in  the  silage  given  jto  the  one  lot,  wonM 
be  nearly  the  same  as  that  in  the  clover-hay  and  swedes  given  to  the 
ojbher  lot. 

Tabic  YII  (p.  25)  shows  the  e;icact  amounts  of  the  va^us  foods 
consumed  per  head  per  day  by  eaph  lot.  In  the  particulars  of  the 
foods  weighed  ofiE  it  will  be  noticed  that  some  cake  was  indoded. 
This  consisted  of  the  harder  pieces  of  decorticated  cottonrcake,  which 
has  beep  upofiually  hard  of  late.  It  would  have  been  better  ^  have 
picked  this  out,  and  weighed  it  separately.  It  will  be  seen,  how* 
ever,  that  the  oxen  on  silage  had  mo;re  than  75  lbs.  of  the  mixed foodi 
per  head  pei*  day,  of  which,  on  Ibh^  average,  only  about  1^  lb.  wii 
weighed  off.  Beckoning  one-fourth  of  this  to  have  been  cake  apd 
thre^-fpurtl^  silage,  and  that  of  tihp  food  weighed  off  from  Lot  % 
one-third  was  cake,  one-third  chaff,  and  one-third  swedes,  calcnls- 
tion  shows  tl^a4)  the  silage  oxen  consiimed  about  ^  lb.  more  dry  sol^ 
stance  of  fop^  per  head  per  day  than  the  others ;  bat  this  laxgv 
amount  qf  ^ry  s^.bstanoe  contained  a  somewhat  larger  proporfcioii  of 
woody  fibre..  The  total  amount  of  dry  substance  consumed  wati  ii 
both  cases,  on  t>he  average^  betujreen  24  and  25  lbs.  per  bead  pcrdij; 
and  the  quantity  of  nitrogen  consumed  was  practically  idrnfeiJ  ii 
the  two  cases. 
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EXPERIMENTS   ON   THE    FEEDING   Of  OXIN. 

Table  VII. — Food  Consumed  per  Head  per  Day. 
Lot  1. — 5  Oxen;  Experimental  Food — Clover  Silage. 

Food  given  per  Head  per  JJay. 


Periods, 

Clovejr- 
silage. 

Cake.* 

Barley 
meal. 

cember  19— December  31  ^  13  days, 
luary       I — Fpbrua^  10  =41     ,,   . 
bruary  11— March        16  =34    „   . 
iroh        17— April         ll  =26    ,,    . 

IbB. 
65 
70 
65 
65 

lbs. 
6 
6 
6 
6 

lbs. 
4i 
4i 
4i 

4i 

Total 114  days. 

nuary  7 
auary  26 
bruary  10 

m 

bruary  ^0 
bruary  2S 
irch  9 
urch  16 
>ril  9 

.ril        11 


Food  Weighed  off, 

20  lbs Chiefly  silagp. 

90 
168 

92 
124 

38 
116 

78 

57 


»f 


» 


»» 


)f 


>> 


Chipfly  silage. 
Sil^e  and  cake. 
Silage  and  cak^. 
Silage  and  cake. 
Chiefly  silage. 
Silage  and  cake. 
Chiefly  silage. 
Silage  and  a  little  cake. 


Total 783  lbs. 


Per  head  per  day     1  '36  lb. 


Lot  2.7—6  Oxen ;  Experimental  Food — Glover-chaff  and  Swedes. 

Food  given  per  Head  per  Day. 


Periods. 

Oloyer- 
ohaff. 

Swedes. 

Cake.* 

Barley 
m^. 

wembei;  ?.9 — December  31  =  13  days, 
nuary  "  '  1 — January      7  =    7    „   . 
nuary      8 — March       16  =  68    „    . 
»rch       17— April         11  =  26     „    . 

lbs. 
12 
12 

12 

lbs. 
40 
60 
50 
50 

lbs. 
6 
6 
6 

5 

Iba. 
4i 
4i 
41 
4t 

Total 114  days. 

— 

— 

Food  Weighed  off. 

auaiy     7 35  lbs 

kTch       16 85 

krch      23 46 

tU         11 34 


ft 


»» 


Chaff  fui^  swedes. 
Chaff/ swedes,  and  c^e. 
Chaff  anii  swedes. 
Chaff,  swedes,  and  cake. 


Total   200  lbs. 


Per  head  per  day 


0*35  lb. 


*  December  19  to  February  4  (48  days)  an  equal  mixture  of  linseed  and  deoorti- 
;ed  cotton-cake ;  February  5  to  April  11  (66  days)  decorticated  cotton-cake  only. 
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The  following  Table  (VIII)  shows  the  weight  of  each  animal  at  the 
commencement,  at  two  intermediate  periods,  and  at  the  oonclasion  of 
the  experiment ;  also  the  gain  in  weight  within  each  period,  and  over 
the  total  period  of  16  weeks  and  2  days.  It  further  shows,  for  each  lot, 
and  for  each  period,  the  average  increase  per  head  per  week,  and  the 
average  increase  per  1000  lbs.  live- weight  per  week. 

Taking  the  results  for  the  whole  period,  whether  we  compare  the 
total  increase,  the  average  increase  per  head,  the  increase  per  head  per 
week,  or  per  1000  lbs.  live- weight  per  week,  there  is  a  very  close  agree* 
ment  between  the  two  lots,  the  one  receiving  clover-silage,  and  the  other 
very  nearly  the  same  amoant  of  dry  substance  in  clover-hay-chiff 
and  swedes.  The  silage  has  slightly  the  advantage ;  bnt  the  diflPerenoe 
is  not  more  than  might  be  expected  in  two  lots  of  oxen  fed  on  pre- 
cisely the  same  food.  Both  lots  did  remarkably  well ;  the  silage  oxen 
giving  an  average  increase  of  rather  more,  and  the  others  of  rather 
less,  than  1^  per  cent,  of  their  live-weight  per  week.     There  can  be 

EXPEEIMENTS    ON   THE    FEEDING   OF    OXEN. 

Table  VIII. — Actual  Weights^  and  Increase  in  Weight  of  the  Oxen. 


Oxen. 


Actual  weights. 


Dec.  19, 
1884. 


Jan.  30, 
1885. 


Feb.  28, 
1886. 


April  11, 

1885. 


Increise  in  wein^t. 


Dec.  19 

to  Jan.  80, 

43(la78. 


Jan.  SO 

to  Feb.  28, 

29da7s. 


Feb.  28 

to  April  11, 

42daja. 


Declf 
toAffill. 

114  *rL 


Lot  1. — 5  Oxen;  Experimental  Food — Clovet'Silage, 


Ko0. 
1 

Ibe. 

lOM 
1132 
10H6 
1048 
1020 

5341 
1068 

lbs. 
1145 
1330 
1224 
1213 
1171 

lbs. 

1183 

1421 

1263 

1260 

1253 

Ibfl. 
1281 
1547 
1344 
1365 
1351 

Ibe. 
90 
198 
138 
165 
151 

Ibe. 
38 

91 
89 

47 
82 

lbs 

98 
126 

81 
106 

98 

111. 

2 

4U 

8 

ai 

4 

817 

5 

Stl 

Total - 

6083 
1217 

6380 
1276 

6888 
1378 

742 
149 

297 
69 

608 
102 

1547 

Average  ...... 

8M 

TnciwoMA  TiAr  h«»ftd  tier  wee 

k  

. 

24-3 
21-2 

14-2 
11-4 

17-0 
12  •« 

111 

Inc 

reaae  per  IC 

NX)  lbs.  live- 

•weight  per  week  

Lot  2.—  Oxen ;  Experimental  Food — Glover-ehaff  and  Swedee. 


1 

1055 
1068 
1020 
1126 
1182 

1231 
1229 
1166 
1257 
1884 

1265 
1260 
1IH6 
1270 
1890 

1347 
1327 
1288 
1393 
1519 

176 
161 
146 
132 
202 

84 
31 
20 
18 
66 

82 

67 

102 

12t 

12» 

SIS 

2 

S9« 

8 

80 

4  ^ ^ 

sa 

6 ^ 

Iff 

Total  •••.••.••*•. 
ATerafce  

6400 
108U 

6217 
1248 

6371 
1274 

6874 
1876 

817 
168 

164 
81 

80S 

101 

1474 

t „ 

26^5 
22-8 

^ 

7-6 
6«» 

16 -i 

ItT 

ISI 

111 

Inc 

KMtperlO 

OOlba.Ufe- 

weight  per  we6k   
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doabt,  therefore,  that  well  made  red-clover-silage  ia  a  very  good 
>d  for  fattening  oxen. 

A.bout  25  years  ago,  from  the  results  then  at  commaud,  we  coll- 
ided that  fattening  oxen,  liberally  fed  on  good  food,  composed  of  a 
)derate  proportion  of  cake  or  corn,  some  hay  or  straw-chaff,  and 
ots,  would,  on  the  average,  consume  12  to  13  lbs.  of  the  dry  sub- 
ince  of  such  mixed  food  per  100  lbs.  live-weight  per  week,  and 
ould  give  1  lb.  of  increase  in  live- weight  for  12  or  13  lbs.  dry  sub- 
ince  of  food  so  consumed  ;  that  is  1  per  cent,  increase  in  live- weight 
r  week.  In  these  new  experiments  the  oxen  receiving  silage  consumed 
bher  over,  and  those  receiving  clover-chaff  and  swedes  rather  under, 

lbs.  of  dry  substance  of  food  per  100  lbs.  live-weight  per  week ; 
d  the  former  gave  1  lb.  increase  for  a  little  over  9  lbs.,  and  the 
ter  for  about  9^  lbs.  dry  substance  of  food  consumed.  In  other 
rds,  both  lots  consumed  rather  more  dry  substance  of  food  per 
D  lbs.  live- weight  per  week  than  according  to  our  former  estimates  ; 
b  they  gave  considerably  more  increase,  both  upon  a  given  live- 
ight  within  a  given  time  (about  1-|  instead  of  1  per  cent,  per  week), 
i  for  a  given  amount  of  dry  substance  of  food  consumed. 
[t  will  be  seen  that  the  amount  of  cake  and  meal  given  was  rather 
"ge,  together  amounting  to  10^  lbs.  per  head  per  day.  It  was,  how- 
dr,  thought  desirable  that  the  fattening  should  be  completed,  or 
arly  completed,  when  the  experiment  closed.  It  is  a  question  how 
*  the  better  result  than  formerly  is  due  to  the  large  proportion  of 
ce  and  meal ;  how  far  to  improvement  in  the  fattening  qualities  of 
K^k  since  that  time;  and  how  far  tq  the  fact  that,  with  earlier 
^turity,  the  increase  in  live- weight  represents  a  considerable  pro« 
rtion  of  growth  as  well  as  fattening  increase.  It  may  be  added  that 
IT  of  the  oxen  were  sold  by  auction  at  Watford,  and  fetched 
^*  6«.  Sd.  per  head ;  whilst  the  others  were  sold  at  intervals  during 
^eu  weeks,  and  averaged  24Z.  12«.  6d.  per  head. 
^  far  then  as  the  results  of  a  single  experiment  can  be  relied  upon, 
^onld  seem  that,  as  food  for  fattening  oxen,  a  given  amount  of  dry 
Btance  in  red-clover-silage  is  quite  equal  to  the  same  amount  of 

Substance  in  a  mixture  of  clover-hay-chaff  and  swedes,  given  in 
X>roportion  of  12  parts  chaff  to  50  parts  swedes. 
'  will  be  of  interest  to  consider — what  would  be  the  difference  in 
C2it)pping  of  the  farm,  to  produce  clover- silage  on  the  one  hand,  or 
^r-hay- chaff  and  swedes,  on  the  other,  in  the  proportions  used  in 
^  experiments  with  oxen.  Supposing  that,  to  give  a  herd  of 
^  65  lbs.  of  clover-silage  per  head  per  day,  we  had  to  produce 
t^ns  of  the  silage ;  and  for  the  12  lbs.  of  clover-hay  and 
^l>8.  of  swedes,  per  head  per  day,  we  had  to  produce  12  tons 
'lover-hay,  and  50  tons  of  swedes — how  much  land  would   be 
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required  in  the  two  cases  ?  A  fairlj  good  crop  of  red  cloyer,  cat 
twice,  would  weigh  about  10  tons  per  acre  in  the  green  or  fresh  state; 
and  according  to  the  results  with  No.  1  Silo,  this  would  yield  onlj 
about  7^  tons  of  clover-silage,  so  that  it  would  require  8|  acres  to 
produce  the  65  tons  of  silage.  The  10  tons  of  first  and  second  crop 
green  clover  would  make  about  2^  tons  of  clover-hay ;  so  th&t  it 
would  require  about  4|  acres  to  produce  the  12  tons  of  clover-hij. 
There  would  thus  remain  about  4  acres  at  disposal  for  the  prodnctioo 
of  the  50  tons  of  swedes. 


6. — Food  Required  for  mere  Sustenance,   for  the   Productiok  or 
Milk,  and  for  the  Production  op  FArrENiNo  Increasi. 

Before  referring  to  the  plan  and  the  results  of  the  experimeoii 
with  cows,  it  may  be  well,  with  a  view  to  the  better  understaDdiif 
of  the  subject,  to  make  some  remarks  on  food  generally,  and  especiiUf 
to  call  attention  to  the  distinction  between  the  amount  of  kd 
required  for  the  mere  sustenance  of  the  animal,  and  the  amoot 
required  for  the  production  of  the  milk. 

In  the  various  accounts  which  have  been  published  of  ezperioiil 
on  silage,  nothing  is  more  striking  than  the  extraordinary  ndk 
which  are  stated  to  have  been  obtained  by  its  use.  In  several  caMii 
the  use  of  an  amount  of  the  material  which,  according  to  calcoktioii 
would  not  contain  more  dry  substance  of  food  than  would  be  saffideit 
to  support  the  life  of  the  cow,  has,  it  has  been  stated,  been  folloffrf 
by  a  remarkable  increase  in  the  production  of  milk  and  butter.  Thi 
authors  of  these  statements  have,  probably,  no  doubt  of  their  aooonefi 
but  they  depend  upon  others  for  the  record  of  the  facts ;  and  tliflii 
employed  usually  try  to  make  these  come  out  so  as  to  meet  the  vievi 
of  their  masters,  if  they  take  an  interest  in  the  new  food. 

The  ordinary  dry  foods  of  the  farm — hay,  straw,  and  com— oontM* 
about  one-sixth  of  their  weight  of  water,  and  five-sixths  ol  real  4 
svhstcMvoe,  Whenever  the  foods  given  to  cows  have  been  outHl 
weighed,  and  the  dry  matter  determined,  it  has  been  found  that  a  eo^ 
of  ordinary  size,  and  in  ordinary  milking  condition,  will  oobbiiim*' 
less  than  25  lbs.  of  **  dry  substance  *-  of  food  daily. 

For  example,  40  years  ago,  Drs.  Thomas  and  Bobert  Dii>^ 
Thomson  carried  out  some  feeding  experiments  at  Glasgow,  with  co^ 
of  the  Ayrshire  breed,  weighii^g  about  1000  lbs.  each.  Thej^ 
grass  alone,  or  hay,  with  various  dry  foods.  The  cows  were  ^dStf 
about  2  gallons  (about  20}  lbs.)  of  milk  per  head  per  day,  and  tiie'9 
substance  of  food  varied  from  25  lbs.  to  80  lbs.  per  head  per  Iff' 
The  higher  amount,  which  was  that  consumed  when  aa  adJiii*^ 
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intitj  of  com  or  linseed  was  given,  yielded  only  a  slight  increase 
bhe  milk. 

ibout  25  years  ago  we  conducted  experiments  with  cows  and 
3n,  at  Bagby,  for  the  Royal  Sewage  Commission,  trying  un- 
paged against  sewaged  grass,  and  the  same  with  oilcake  in 
iition.  The  varions  experiments  were  made  in  1861,  1862,  and 
63.  We  will  confine  attention  here  to  the  experiments  with  cows, 
e  average  weight  of  the  animals  was  between  1000  and  1100  lbs. 
e  average  of  five  experiments  with  grass  alone — some  nnsewaged 
3  some  sewaged — showed  that  28' 7  lbs.  of  dry  substance  of  food 
re  consumed  per  head  per  day,  with  an  average  yield  of  26-|  lbs.  of 
Ik  per  head  per  day.  And  the  average  of  five  experiments  with 
tss  and  oilcake  showed  a  consumption  of  28*4  lbs.  of  dry  substance  of 
»d  per  head  per  day,  with  a  yield  of  25-|  lbs.  of  milk  per  head  per  day. 
^gain,  in  the  course  of  experiments  which  we  condncted  for  the 
ard  of  Trade  on  the  relative  values  of  unmalted  and  malted  barley, 
food  for  stock,  cows,  oxen,  sheep,  and  pigs  were  experimented 
3n  {  and  in  the  case  of  the  20  cows,  of  which  the  average  weight 
8  1140  lbs.,  and  the  average  yield  of  milk  about  23  lbs.  per  head 

*  day,  the  average  consumption^  over  a  period  of  10  weeks,  during 
)  winter  of  1863-^4,  amounted  to  about  29-|  lbs»  dry  substance  of 
d  per  head  per  day. 

[n  1884,  we  assisted  Mr.  Edwards,  who  has  a  large  dairy  of 
fhly-bred  shorthorns  at  St.  Albans^  in  carrying  out  some  ezperi- 
nts  upon  ensilage ;  and  it  was  found,  on  calculation,  that,  in  the  three 
^eriments,  the  food  supplied  28^  Ibs^,  27  Ibs;,  and  27  lbs.,  per  head 

*  day,  of  real  dry  substance  $  whilst  the  three  lots  were  yielding, 
pectively,  an  average  of  19i  lbs*,  17  lbs.,  and  scarcely  17  lbs.  of  milk, 

*  head  per  day.  It  may  be  mentioned  that  these  were  unusually 
ivy  cows,  one  indeed  weighed  over  1700  lbs.>  and  the  26  cows 
v^e  an  average  of  1413  Ibs^ 

Again,  in  the  spring  of  1884,  the  dry  food  consumed  by  the 
»thamsted  cows^  when  yielding  30  Ibs;  of  milk  per  head  per  day, 
s  about  26  lbs. 

It  is  usually  said  that  it  requires  about  three  acres  of  grass  to  support 
20W  for  a  year.  If  we  estimate  an  acre  of  ordinary  meadow  land, 
len  fed  or  mown,  to  yield  a  produce  equal  to  \\  tons  of  hay  per 
fe,  three  acres  of  such  produce  would  furnish  a  cow  with  an  average 
lbs.  of  dry  substance  of  food  per  day  during  the  year ;  if  the  pro- 
ce  were  equal  to  1|  tons  of  hay  per  acre,  3  acres  would  supply  an 
Brage  of  26*8  lbs.  of  dry  substance  per  day  for  a  year ;  or  if  the  yield 
re  equal  to  2  tons  of  hay  per  acre,  it  would  supply  an  average  of 
'7  lbs.  of  dfy  substance  of  food  per  day,  the  year  round.  The 
)d  would  of  course  yield  much  more  than  its  average  quantity 
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dnring  the  snmmer,  and  mnch  less  dnring  the  -winter ;  wliilst  a  cow 
wonid  coTisnme  more  than  its  average  amoant  when  yielding  milk, 
and  less  when  dry. 

It  will  be  seen  that  there  is  a  fairly  general  agreement  between  the 
figures  brought  out  in  the  foregoing  cases ;  certainly  qoite  sufficient, 
not  only  to  raise  doubts  as  to  the  accuracy  of  any  results  whidi 
differ  materially  from  them,  but  also  sufficient  to  proTide  practicil 
farmers  with  some  basis  upon  which  to  calculate  the  requirements  d 
their  stock  during  the  six  winter  months. 

So  far,  we  have  only  treated  of  the  amount  of  dry  snbstaiiee 
of  food  consumed  by  a  cow  that  is  yielding  milk.  It  is  evident 
however,  that  the  difTerent  foods  must  vary  considerably  in  their 
composition,  and  consequently  in  their  feeding  qualities,  as  alflo 
they  vary  in  their  cost;  and  as,  in  all  dairies,  the  jrield  of  milk 
varies  considerably,  not  only  according  to  the  milk-yielding  capacitr 
of  the  individual  cows,  but  also  owing  to  the  necessary  flnctuationi  in 
the  yield  from  the  time  of  calving  to  dryness,  an  accurate  knowledge 
of  the  feeding  qualities  of  di£Ferent  descriptions  of  food  ought  to  letd 
to  economy  in  their  use. 

For  many  years  past,  important  investigations  have  been  carried 
on  in  Germany,  especially  at  Weende,  by  Henneberg  and  others, 
relating  to  the  digestibility  of  the  various  constituents  contained  in 
different  foods,  and  also  as  to  the  amounts  of  the  digestible  sub- 
stances which  are  required  to  support  lifci 

What  is  called  the  *'  sustenance  food  "  of  an  animal,  is  the  amount 
which  will  supply  the  waste  of  the  body  in  a  state  of  rest,  without 
either  gain  or  loss  of  weight.     For  example,  it  was  found   that  a 
ration  of  19^  lbs.  of  clover  hay  supplied  to  an  ox  weighing  1000  lbs., 
was  sufficient  to   keep    up   this  weight,  without  adding  to  it,  the 
animal   doing   no   work,   and   the   temperature  of   the    stall   being 
kept  at  about  51°  Fahrenheit.      Of  this  19^  lbs.   of  hay,  ^  lb.  of 
nitrogenous,  and  nearly  7f  lbs.  of  non-nitrogenous  substancesi  were 
digested.      Other  rations   were   also    experimented   upon — such  as 
clover   hay,  straw,   and    rape    cake,   in    different   proportions,    and 
clover  hay,  mangels,  straw,  and  rape  cake.     The  mean  of  five  experi- 
ments,  including  that  with  the  clover  hay  alone,  showed  0'57  lb.  of 
digestible  nitrogenous,  and    7*4   lbs.   of  digestible   non^^nitrogenons 
substances,  to  be  required  for  the  support  of   the   animal  without 
gaining  or  losing  weight ;  but  in  two  of  the  cases  the  temperature 
of  the  stall  was  about  62°  F.,  and  in  the  other  two  it  was  about 
69^  F.     From  results  of  this  kind,  both  Professor  Julius  Kohn  and 
Professor  Emil  y.  Wolff  have  constructed  tables  which  give  the  amounts 
of  digestible  substances  that  may  be  expected  to  be  present  in  ft  great 
variety  of  foods. 
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Owing  to  the  great  difPerence  in  the  feeding  qualities  of  the  same 
description  of  food — whether  it  be  roots,  hay,  com,  or  purchased  food — 
it  is  evident  that  these  tables  require  to  be  used  with  caution ;  stiU, 
when  so  used,  they  are  of  considerable  value.  We  now  propose,  there- 
fore, to  apply  them  to  the  results  obtained  at  Rothamsted  in  the 
spring  of  1884,  from  30  cows,  each  of  which  consumed  daily  4  lbs. 
decorticated  cotton-cake,  3^  lbs.  bran,  3*6  lbs.  hay  chafF,  7*2  lbs.  oat- 
straw  chaff,  and  81  lbs.  mangels,  and  yielded  30  lbs.  of  milk  per  head 
per  day. 

The  following  Table  (IX)  shows  that  the  food  supplied  an  average 
of  about  25f  lbs.  dry  substance  per  head  per  day.  It  also  gives  the 
quantities  of  digestible  nitrogenous  and  non-nitrogenous  substances 
in  the  foods,  calculated  according  to  our  own  estimates  of  average 
composition,  and  to  Emil  v.  Wolff's  estimates  of  the  proportion  of  the 
several  constituents  which  is  digestible.  It  further  shows — the  amoants 
which,  according  to  the  German  estimates,  would  be  required  for  the 
gastenance  of  one  of  the  cowS)  the  average  weight  of  which  was  about 
1290  lbs. ;  the  amounts  required  for  the  production  of  30  lbs.  of  milk ; 
tnd  lastly,  the  estimated  excess  in  the  food. 


Table  IX. — Amount  and  Distribution  of  Foody  and  Food  C(m8titttent8, 

per  Head  per  Day, 


Total  dry 
substance. 

Digestible. 

Nitrogenous 
substance. 

Non-nitro- 

eenouB 
substance.* 

Total, 

nit.  and  non- 

nit.-sub- 

stance. 

4  lbs.  ootton-cake 

Ai-  1>M|  bran 

lbs. 
3-6 
3  0 
3  0 
6  0 
10  1 

lbs. 
1-38 
0-42 
0-19 
0  10 
1-30 

lbs. 
1-93 
1-41 
1-52 
2-86 
7-40 

lbs. 
8-31 
1*83 

8*6  lbs.  baj  chaff. 

7  '2  IbB.  oat-Btraw  chaff  . . 
81  11m.  manflrels « 

1-71 
2-96 
8*70 

Bequired  for  Bustenance  1 
of  1290  lbs.  live- weight  J 

25-7 

3*39 

0-74 

15  12 
9-55 

18-51 
10-29 

Beqnired  for  30  lbs.  of  1 
milk  / 

— 

2-65 
110 

6-57 
8-90 

8-22 
6  00 

Ettimated  excess  in  food. . 

— 

155 

1-67 

3*22 

*  Beckoned  cb  starch. 
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Of  the  25f  lbs.  of  dry  snbstance  of  food  consumed,  about  18}  lb>. 
are  reckoned  as  digestible  ;  and  of  the  non-nitrogenous  or  respiratory 
and  fat-forming  portion  of  the  food,  about  9^  lbs.  out  of  the  15^  are 
estimated  to  be  employed  in  supporting  the  life  of  the  animal.  It  is, 
however,  probable  that  somewhat  more  than  this  was  actually  used 
for  the  purpose,  as  the  temperature  of  our  sheds  would  be  lower 
than  in  the  cases  of  the  German  experiments  above  referred  to. 
Thus,  whilst  for  the  mere  sustenance  of  the  cow  the  demand  upon  the 
non-nitrogenons  constituents  of  the  food  is  very  large,  the  requiremeDt 
for  the  nitrogenous  constituents  is  small. 

In  the  case  of  all  the  foods  except  the  roots,  only  that  portion  of 
the  nitrogenous  and  non-nitrogenous  constituents  which  is  estimated 
to  be  digestible  is  entered  in  the  table ;  but  as  regards  the  mangels 
all  the  constituents  are  included,  as  the  German  calculations  do  not 
make  any  allowance  for  indigestible  matter  in  their  case.  It  is 
generally  assumed,  however,  that  it  is  only  those  compounds  wbich 
contain  nitrogen  in  the  form  of  albuminoids  that  are  competent  to 
form  flesh  and  the  nitrogenous  compounds  of  milk ;  whilst  it  is  certain 
that  a  very  large  proportioli  of  the  nitrogen  in  roots  is  not  in  tbit 
form.  In  connection  with  ensilage  this  subject  becomes  of  gmt 
importance,  as  there  seems  to  be  no  doubt  that  daring  the  f  ermentatioD 
much  of  the  albuminoid  matter  is  destroyed. 

It  will  be  observed  that  of  the  10' 1  Ibsi  of  dry  substance  of  th* 
mangels,  1*3  lb.  is  given  as  digestible  nitrogeiious  nlatter  ;  but  of  this 
total  quantity  as  little  as  one-fifth  may,  and  pretty  certainly  not  more 
than  two-fifths  would,  consist  of  albuminoidst  Out  of  the  lO'l  lbs,  of 
total  dry  substance,  7'4  lbs.,  or  about  74  per  cent.,  are  recorded  tf 
digestible  non-nitrogenous,  or  respiratory  and  fat^ forming  matter. 
We  thus  see  "What  constitutes  the  g^eat  value  of  the  root-crops.  I^ 
is  the  fact  that  they  furnish  the  essential  respiratory  constitnents  oi 
food  in  very  large  quantities ;  though,  even  when  grown  under  very 
favourable  conditions  of  soil  and  season,  they  are  not  adapted  for 
fattening,  unless  used  in  conjunction  with  other  foods.  For  the  po^ 
pose  of  mere  sustenance  however — as,  for  instance,  in  the  case  of  co«f« 
ilhich  are  out  of  milk,  but  are  kept  in  warm  yards  or  sheds — toots  fti* 
a  very  suitable  food*  used  with  straw  chaff. 

It  may  here  be  mentioned  incidentally,  that  the  loss  of  lambs  born 
dead,  which  is  often  attributed  to  the  manure  used  for  the  roots,  i^ 
more  probably  due  to  the  want  of  sufficient  albuminoids  in  the  roots* 
It  should  be  further  understood  that  while  the  nitrogenous  ooDstitueDts 
of  the  food  can  be  used  by  the  animals  for  respiratory  purposes,  the 
iion-nitrogenoQS  constituents  cannot  be  used  for  the  prodaction  of 
albaminoids ;  and  as  a  certain  amount  of  albuminoids  is  essentia],  if 
the  food  is  deficient  in  them  the  animal  must  wasteful] j  consume  tli€ 
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ion-nitrogenou8  sabstanoeB  in  excess  in  order  to  obtain  enough  of  the 
Jbominoids. 

The  quantities  given  in  the  table  are  calculated  for  a  cow  weigh- 
Qg  1290  lbs. ;  but  if  as  many  sheep  as  would  represent  an  equi- 
valent weight  were  substituted  for  the  co^  the  amount  of  sustenance 
bod  necessarj  to  keep  them  without  increasing  or  losing  weight, 
rould  be  considerably  higher;  partly  because  more  surface  would 
le  exposed  to  the  coldj  and  partly  because  there  is  cklways  more  or  l^ss 
^wth  of  wool. 

Out  of  the  16^  lbs.  of  total  digestible  non- nitrogenous,  or  respira^ 
ory  and  fat^forming  matter  in  the  food,  the  home  produce  of  the 
arm  furnished  rather  more  than  llf  lbs.)  and  the  purchased  cake  and 
Iran  about  3^  lbs. ;  and  as  the  sustenance  of  the  animal  is  reckoned 
o  require  only  about  9^  lbs.,  there  remains  a  surplus  of  2^  lbs.  of  the 
lome  produce,  and  all  the  respiratory  constituents  of  the  purchased 
ood,  available  for  the  production  of  milk  or  increase.  Instead  of  the 
)^  lbs.  required  by  the  cow  for  sustenance,  sheep  of  the  same  weight 
irould  probably  ret^uire  the  whole  bf  the  digestible  non-nitrogenous 
mbstance  of  the  farm- produce  for  sustenance  alone ;  and  they  would 
be  Entirely  dependent  upon  the  purchased  food  for  inct'ease  in  live- 
height. 

It  has  been  shown  that  the  food  requirements  of  a  cow  for  the 
purposes  of  sustenance  only,  are  very  small  so  far  as  the  nitrogenous 
constituents  are  concerned,  but  large  for  the  respii*atory,  or  non- 
litrogenous  matters.  For  a  cow  yielding  30  lbs.  (nearly  3  gallons)  of 
ttilk  per  day,  however,  the  requirement  for  the  nitrogenous  con^ 
tituents  is  very  much  greater.  Foods  which  are  rich  in  nitrogen, 
uch  as  oil-cakes  and  leguminous  seeds,  are  therefore  specially  adapted 
or  the  production  of  milk. 

It  is  somewhat  remarkable  that  the  composition  of  bran,  which  has 

special  value  in  the  eyes  of  all  dairy-men,  bears  a  very  close  relation 

D  that  of  milk  in  the  proportion  of  the  digestible  nitrogenous  and 

•on-uitrogenous  constituents,  as  will  be  seen  in  the  following  table  :—^ 

Digestible  Digestible 

nitrogenous        noii-nitrogenbus 
matter.  matter. 

3i  lbs.  of  bran  will  supply  ....      0*42  1-41 

llj^     „  of  milk  will  contain. .. .      042  149 

Table  IX  (p.  31)  shows  that,  in  thfe  4  lbs.  of  cake  and  3^  lbs.  of  bran, 
irhich  wei«  daily  silpplied  io  the  coWs,  the  total  digestible  constituents 
ronld  be  approximately  the  same  as  those  required  to  produce  the 
0  lbs.  of  milk ;  but  the  nitrogenous  would  be  in  excess,  and  the  non- 
itrogenouB  in  about  corresponding  deficiency.     As,  however,  the 
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amonnt  of  milk  varies  very  maob,  owing  to  the  difTerence  in  the  milk- 
yielding  capacity  of  different  cows,  and  as  every  cow,  whatever  its 
capacity  may  be,  has  a  maximum  yield  which  is  followed  by  an  almost 
daily  decline,  it  appeared  desirable,  while  the  ensilage  experiments 
were  going  on,  that  the  cal^e  and  bran,  which  obviously  contributed 
80  largely  to  the  production  of  the  milk,  should  be  supplied  to  each 
cow  somewhat  in  proportion  to  its  yield. 

The  following  Table  (X)  shows,  not  only  how  very  large,  but  how 
very  variable,  may  be  the  amounts  of  total  solid  matter,  nitrogenoos 
matter,  fat^  &Ci,  in  the  milk  yielded  by  different  cows,  or  even  by  the 
same  cow  at  different  periods  between  calving  and  dryness.  For  com- 
parison there  is  also  given^  the  estimated  composition  of  the  increase 
in  live- weight  of  a  fattening  ox  weighing  1000  Ibs;,  the  amount  of 
which  increase  would  frequently  be  oilly  about  10  lbs.,  and  would 
rarely  exceed  l5  lbs.  per  week.  ^ 

The  taisle  shows  the  amounts  of  the  various  solid  constituents  in 
the  milk  yielded  per  week  by  cows  giving  respectively  4,  8,  12, 16, 
and  20  quarts  per  day  s  7,  14,  21,  28,  and  35  gallons  per  head  per 
week,  assuming  the  milk  to  contain  12'50  per  cent,  of  total  solids; 
consisting  of  3*65  per  cent,  albuminoids,  3*50  per  cent,  butter-fat,  4*60 
{)er  cent,  sugar^  and  0'75  per  cent,  mineral  matter.  The  table  abo 
shows^  the  estimated  constituents  in  the  weekly  increase  in  live- 
Weight  of  a  fattening  ox  weighing  1000  lbs. : — 

Table  X. 


Milk  per  week  (one 
gallon  reckoned  to 
weigh  10-33  lbs.). 

Total 

solid 

matter. 

Nitrogen- 
ous sub- 
stance. 

Fat. 

Non-nitro- 
genous 

substance 
not  fat. 

Minenl 
matter. 

^  crallons 

lbs. 

9  04 
18  08 
27  12 
86  16 
45-20 

lbs. 
2-64 
5  28 
7-92 
10-56 
13-20 

lbs. 
2-53 
5'06 
7-59 
10  •12 
12-65 

lbs. 
3-33 
6-66 
9-99 
13-32 
16-65 

lbs. 
0-54 

14        .1      

106 

21        

1-62 

28        

2-16 

mtsj               )t           ........... 

85        

2-70 

W                    1,             ........*•. 

10  lbs.  increase  in  live- 
weigbt 

7-25 
10-88 

0-75 
1  13 

6-35 
9-53 

— 

0  15 

15  lbs.  increase  in  live- 
weight  . .  i  i 

0*28 

It  may  be  observed  that  whilst  the  meat-producing  power  of  an  ox 
is  confined  within  comparatively  narrow  limits,  the  milk-prodndog 
cai>acity  of  a  cow  has  a  very  wide  range.  Another  very  remaricable 
"^ust  is  the  extremely  small  amount  of  both  nitrogenous  and  minei*! 
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matter  which  is  stored  up  in  the  increase  of  an  ox,  compared  with 
that  carried  off  in  the  milk  of  a  cow.  Hence,  a  dairy,  where  milk  is 
exported,  is  very  exhausting. 

It  is  evident  that  there  is  far  more  scope  for  economy  in  the 
regulation  of  the  diet  of  a  cow  producing  milk,  than  in  that  of  a 
fattening  ox.  Dnring  the  period  in  which  an  ox  advances  from  the 
store  condition  to  fatness,  at  an  average  rate  of  increase  which  may 
he  estimated  at  from  1  to  1^  per  cent*  of  its  live-weight  per  week)  a 
cow  may  be  yielding  5  gallons  of  milk  per  day  at  one  time,  and  at 
another  less  than  one-fonrth  of  that  quantity. 

Starting  with  the  fact  that  the  two  lots  of  20  cows  each,  which 
were  nnder  experiment,  were  receiving,  per  head  per  day,  4  lbs.  o^ 
cake,  and  3^  lbs.  bran,  with  a  fixed  amount  of  chaff,  and,  in  addition, 
in  one  case  silage^  and  in  the  other  roots,  and  were  yielding  an 
average  of  28  lbs.  of  milk  per  head  per  day,  it  was  decided  that  whilst 
each  lot  of  20  cows  should  continue  to  receive  the  total  of  80  lbs.  of  cake 
daily,  the  amount  should  be  so  apportioned  among  the  20  that  each 
cow  should  receive  more  or  less  than  4  lbs.  daily,  accordingly  as  its 
yield  during  the  preceding  week  averaged  more,  or  less,  than  28  lbs.  of 
milk  per  day.  The  average  yield  of  milk  of  each  cow  was,  therefore^ 
made  up  at  the  end  of  the  week ;  and^  for  the  succeeding  week,  4  lbs. 
of  cake  were  given  to  every  cow  which  had  yielded  28  lbs.  of  milk 
daily  :  and  to  each  cow  which  yielded  more  or  less  than  this  quantity^ 
the  amount  of  cake  was  increased,  or  reduced,  in  the  proportion  df 
J  lb.  of  cake  for  each  2  lbs.  of  milk  yielded  more  or  less  than  28  lbs. 

Thus,  if  a  cow  yielded  50  lbs.  of  milk  per  day  (nearly  5  gallons), 
that  is  22  Ibs:  more  than  the  standard  amount  of  28  lbs.,  it  received 
an  extra  allowance  of  2|  lbs.  of  cake,  or  in  all  6|  lbs.  per  day ;  if  it 
yielded  40  lbs.  (nearly  4  gallons)  or  12  lbs.  in  excess  of  the  average, 
it  received  1^  lb.  cake  extra,  or  a  total  of  5^  lbs. ;  if  30  Ibsi,  or  2  lbs. 
extra,  in  all  4|^  lbs.  cake ;  if  only  20  lbs.,  or  8  lbs.  deficiency,  only 
3  lbs.  of  cake ;  or  if  only  10  lbs.,  or  18  lbs.  deficiency,  it  received 
2^  lbs.  less  cake,  or  in  all  only  i|  lb.,  and  so  on. 

We  cannot  at  present  discuss  the  resalts  of  this  experiment ;  but 
anyone  who  looks  at  the  table  showing  the  difference  between  the 
amount  of  solid  matter  contained  in  7  gallons  and  in  35  gallons 
of  milk,  will  admit  that,  without  some  regulation  of  the  diet,  one  of 
two  things  must  take  place.  Either  the  yield  of  some  cows  must  be 
stinted  for  want  of  sufficient  food,  or  others  must  be  receiving  food 
which  cannot  be  turned  to  profitable  account.  The  highest  average 
yield  of  milk  of  any  cx)w  during  our  experiments  was  51  lbs.,  or  nearly 
20  quarts  per  day,  whilst  several  were  yielding,  at  the  same  time,  not 
much  more  than  one-fifth  of  this  quantity. 

It  is  no  unusual  thing  to  give  fattening  oxen  15  lbs.  to  18  lbs.  of 
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cake  and  com  per  daj.  An  ox  receiving  this  quantity  of  food  mnstlw 
consnming  a  very  large  amount  of  nitrogenous  substance,  of  which 
but  a  very  small  percentage  is  found  in  the  increase  in  live-weight 
A  certain  amount  of  that  which  is  digested  may  be  employed  in  the  pro- 
duction of  fat,  the  nitrogen  being  found  in  the  urine  in  soluble  com- 
pounds. In  this  form,  however,  the  nitrogen  nitrifies  so  rapidly  in 
the  soil,  that  it  has  little  more  permanence  as  manure  than  that  in  a 
salt  of  ammonia,  or  in  nitrate  of  soda. 

On  the  other  handj  the  bulk  of  the  manure  of  a  fattening  ox 
possesses  a  durability  which  is  well  established  in  practice;  Indeed,  it 
may  be  considered  th&t  ''condition,"  or  "  unexhausted  fertility  '*  of  a  soil, 
is  chiefly  due  to  the  constituents  of  the  food  which  passj  with  but  little 
change,  in  th6  solid  excrements  of  the  fattening  animals  ;  but  partlj 
i^so  to  those  in  the  litter;  To  accumulate  nitrogen  in  the  soilj  it  most 
be  in  combination  with  carbon;  In  a  field  where  we  grow  barlej 
continuously,  manured  with  rape  cake,  although  the  cake  large! j 
increases  the  crop,  a  residue  still  accamulates  in  the  soil,  sufficient  to 
be  measurable  by  analysis^  and  so  to  establish  a  claim  for  uilexhausted 
fertility. 

7i— PEELlMINAbT   Bxl^KBIMltirrS  WitH  iflLKING   CoWS. 

In  the  beginning  of  February,  1884,  one  of  the  laboratory  M 
^as  instructed  tb  take  the  weight  of  each  cow's  milk,  morning  and 
evening,  and  to  ascertain  the  amount  of  food  consumed.  This  was 
before  a  brick  of  the  silos  was  laid,  but  in  anticipation  of  experiments 
liehich  it  was  intended  to  carry  out  in  the  following  winter. 

From  the  4th  of  February  to  the  9th  March^  the  average  yield  of 
milk  per  cow  per  day  was  29  lbs.  13  oz.,  and  the  average  consomption 
di  food  per  head  p^r  day  was  estimated  to  be  as  follows : — 

Decorticated  cotton  cake. ,...;.. ;        4    IbS. 

Bran ^    „ 

Mixed  hay  and  straw  chaff 14      j, 

MftngtJlS ; 80      ,i 

The  fliictuations  in  the  average  daily  yield  of  milk  Werd  veij 
smallj  the  highest  of  any  one  day  being  just  below  32  lbB.i  aad  the 
lowest  a  little  above  27  lbs.  The  weights  of  food  were  not,  however, 
taken  with  sufficient  accuracy  to  be  altogether  reliable)  as  will 
be  evident  from  the  results  obtained  in  the  following  months  When  it 
was  found  that  between  March  10th  and  Api^il  7th  the  average  yield  of 
milk  was  30  lbs.  5  oz.  The  same  amounts  of  cake  and  bran  were  oon* 
ttumed,  but  of  chaff  it  was  found,  on  acburatb  weighing  (inatoad  of 
measuring),  that  the  consumption  amounted  to  only  10^  lbs.  per  ooir» 
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or  3^  IbR.  per  head  per  day  less  than  the  amoant  estimated  to  be 
given  in  the  previons  month.  The  amount  of  dry  substance  of  food 
consumed  per  cow  daily  was  now  25^  lbs.,  whilst  the  figures  for  the 
previous  month  would  give  28^  lbs. ;  but  it  is  probable  that  not  more 
than  from  25  lbs.  to  26  lbs.  of  dry  substance  was  really  coi^sumed. 

The  grass  was  so  forward  on  April  the  Sth,  that  the  cows  were 
turned  out  from  11  o'clock  to  3  o'cloqk  each  day.  This  was  continued 
until  the  17th,  during  which  time  they  had  the  same  cake  and  bran  as 
before,  but  only  about  half  the  amount  of  chaff  and  rather  less 
mangels.  On  April  17  they  were  turned  out  altogether;  bt^t  con? 
tinned  to  have  the  same  quantity  of  cak^;  thei  bran,  chaff,  and 
mangels,  being  gradually  reduced ;  the  two  latter  being  aitopped  altor 
gether  in  the  middle,  and  thQ  bran  at  the  end  of  May.  The  average 
yield  of  milk  only  increased  slightly,  the  an^ount  being  31f  lbs.  as 
against  30^  lbs. ;  and  the  highest  increase  during  ^he  [^umme»r  was  to 
35  lbs.  3  oz.  in  the  week  ending  May  17th. 

It  does  not  appear  that,  if  cows  have  been  well  f  ^d  during  the  winter, 
any  large  increase  of  milk  is  obtained  whe;i  they  are  turned  out  to 
grass  ;  and  later  on,  when  the  weather  be^me  hot  and  dry,  the  n^lk 
fell  off  veiy  much,  the  flies  having  been  very  trouble§on^e  during  part 
of  the  time.  With  the  exception  of  the  cotton  cake,  4  lbs*  of  "v^hich 
were  given  to  each  cow  daily,  no  record  of  food  consumed  wa£|  possible 
until  the  cows  again  went  into  their  winter  quarters  in  Npvemb^,  but 
in  the  meantime  the  milk  w^  carefully  weighe4. 

8. — Plan  and  Arrangement  of  the  Experiments  with  Milking  Cows. 

In  the  beginning  of  December,  1884,  48  cows  were  in  milk, 
40  standing  in  one  house — 20  facing  the  other  20 — the  food  being 
supplied  from  a  gangway  d.Qyni  the  centre.  We  proposed  to  try  o^ily 
two  experiments ;  and  after  much  trouble  in  calculation,  and  finding  it 
hopeless  to  match  eaqh  individual  cow  in  one  lot  with  one  in  the  other 
which  had  been  approximately  the  same  length  of  time  in  n^ljf^  a^4 
was  yielding  the  same  amount  of  milk,  it  was  finally  decided  to  select 
from  the  herd  two  lots,  of  20  each,  which  should  a^ree  sus  nearly  as 
possible  in  the  following  conditions:  (1)  the  average  number  of  wiee^ 
since  calving;  (2)  the  average  yield  of  milk.  This  involved  the 
shifting  of  some  of  the  cows — a  proceeding  which  they  strongly 
resented.  Eventually  two  lots  qf  20  each  vfere  sele,cted,  which  gave 
between  14  and  15  weeks  as  the  average  date  since  calving,  and 
an  average  daily  yield  of  milk  of  between  30  lbs.  and  31  lbs.  during 
the  preceding  10  weeks ;  or  less,  if  they  had  not  been  in  milk  so  long. 

Of  course  these  averages  were  made  up  of  very  g^reat  differences, 
both  in  the  length  of  time  since  calving,  and  in  the  yield  of  milk ; 
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but  sncb  is  the  case  in  all  herds  where  it  is  of  importanoe  to  obtain, 
as  nearly  as  possible,  an  uniform  supply  of  milk  all  the  year  roand. 
As  the  experiments  were  to  go  on  for  some  months,  it  was  evident 
that,  in  both  lots,  some  cows  would  become  dry,  and  would  have  to  be 
replaced  by  others  which  had  recently  calved.  Still  it  was  considered 
that  results  obtained  uuder  these  circumstances  were  far  more  likely 
to  be  trustworthy  than  if  the  experiment  had  been  made  on  indi- 
vidual, or  on  a  very  few,  cows. 

Although  a  certain  amount  of  interest  attaches  to  the  substitn- 
tion  of  silage  for  hay,  it  will  be  admitted  by  every  practical  farmer, 
that  the  real  value  of  silage  must  greatly  depend  upon  its  capability 
of  wholly,  or  at  any  rate  largely,  superseding  root-crops.  To  those 
who  are  out  of  the  reach  of  brewer's  grains,  roots  are  the  only  suc- 
culent food  available  for  fully  half  the  year;  audit  is  tolerably  evident 
that,  without  some  succulent  food,  neither  meat  nor  milk  can  be  pro- 
duced profitably  during  the  winter  months. 

As  already  shown,  in  the  experiments  with  fattening  oxen,  clover- 
silage  was  tried  against  a  mixture  of  clover-hay- chaff  and  swedei; 
but  in  the  experiments  with  milking  cows,  now  to  be  described,  the 
comparison  is  limited  to  the  trial  of  silaged  crops  against  mangels. 

In  arranging  comparative  feeding  experiments,  it  is  always  desirabk 
that  those  foods  which  are  not  the  subject  of  comparison  should  be 
the  same  for  the  different  lots  of  animals.  Silage,  and  especially  that 
made  from  red  clover,  with  which  we  began  our  experiment,  diffen 
from  roots  in  some  important  respects.  It  contains  a  much  higher 
percentage  of  dry  substance,  its  dry  substance  contains  a  considerably 
higher  proportion  of  albuminoid  compounds,  and  also  very  much  more 
indigestible  woody  fibre.  It  was  impossible,  therefore,  so  to  arrange 
the  two  rations  as  to  supply  exactly  the  same  constituents  in  each; 
and  it  was  decided  that  equal  quantities  of  d/ry  substance  should  be 
given  in  the  silage,  and  in  the  mangels. 

The  following  amounts  of  other  foods  were  allotted  per  head  per 
day  to  each  of  the  40  cows : — 

Cake 4  lbs. 

Bran,  8^  lbs.,  afterwards  raised  to 4    ,, 

Chaff  (half  hay  and  half  straw) 10    „ 

Thus  far  the  same  foods  were  given  to  each  lot ;  bnt,  in  additioDT 
one  lot  received,  per  head  per  day,  at  first  42  lbs.  of  dover-ailage, 
gradually  raised  to  50  lbs.,  and  the  other  lot  at  first  75  lbs.  of  maaffl^ 
gradually  increased  to  90  lbs.,  as  the  silage  given  to  the  othen  wao 
increased,  and  it  was  found  that  lower  down  in  the  pit  it  oontttoedt 
higher  percentage  of  dry  matter.  Most  of  the  cows  took  to  the  mbp 
readily,  though  a  few  had  a  distinct  aversion  to  it,  and  in  order  noi^ 
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inflaence  their  yield  of  milk  injnrioasly  these  were  supplied  with  a 
limited  quantity  of  mangels  as  well  as  silage,  the  former  being 
reduced  and  the  latter  increased  until  their  repugnance  to  the  food 
had  ceased. 

Two  or  three  weeks  elapsed  before  the  disturbance  caused  by  the 
necessary  changes  in  the  position  of  some  of  the  cows,  and  in  the 
alteration  of  their  food,  was  overcome ;  and  it  wfks  not  until  thq  24tJi 
of  December  that  the  animals  y^ere  weigh^. 

9. — The  Resitlxs  op  the  Experiments  with  Milking  Co>ys. 

Table  XI  (p.  41)  shows  the  average  amounts  of  food  consumed  per 
head  per  day,  by  eaqh  lot  of  20  cows,  within  each  of  the  13  weeks  qf 
the  experimental  period. 

Table  XII  (pp.  42-3)  shows,  for  each  of  tl^e  20  cows  receiving 
clover-silage,  and  Table  XIII  (pp.  44-5),  for  each  of  the  20  receiving 
mangels,  the  dates  of  calving,  the  average  yield  of  milk  per  day  price 
to  the  commencement  of  the  experiment,  and  the  average  yiel^  during 
each  of  the  13  weeks  of  the  experimental  period.  They  also  show^ 
the  average  yield  per  day,  and  the  total  yield,  both  in  lbs.  and 
gallons,  of  each  cow,  over  the  whole  of  the  experin^ental  period. 

Milking  cows  are  exceedingly  sensitive  to  change  in  anything  they 
have  been  accustomed  to ;  and  after  the  few  necessary  transpositions 
of  the  animals  had  been  made  in  accordance  with  the  allotments,  an4 
the  experiment  had  fairly  commenced,  they  were  treated  exactly  as  if 
they  had  not  been  under  experipient  at  all ;  the  only  difference  in  th^ 
management  being  that  both  t^e  food  and  the  milk  were  carefully 
weighed.  Several  of  the  cc^s  of  each  lot  became  dry  during  the 
experiment ;  and  they  were  replaced  by  others,  as  explained  in  the 
foot  notes  to  Tables  XII  and  XIII.  The  results  proved  that  the  new 
cows  were  not  all  equally  good  milkers ;  but  the  differences  are  to 
some  extent  neutralised  by  the  large  number  of  animals  in  each  lot. 

Table  XI  (p.  41),  relating  to  the  food,  shows  that  during  the  first  few 
weeks,  until  the  animals  had  become  accustomed  to  the  silage,  a 
small  quantity  of  mangels  was  given  with  it ;  and  tl^  was  done  again 
towards  the  end  of  the  experiment,  in  the  case  qf  ^  f^yr  co^s  which 
did  not  consume  all  their  silage,  when  it  was  found  that,  with  the 
admixture  of  a  small  quantity  of  mangels,  they  generally  consumed 
their  silage  also.  Most  of  the  animals,  however,  took  to  the  silage 
quite  readily. 

At  page  35,  it  was  stated  that  each  lot  of  20  cows  received  the 
same  total  amount  of  cake  and  bran,  but  that,  after  a  time,  first  the 
cake,  and  afterwards  the  bran  also,  were  allotted  to  the  individual 
cows  vnthin  each  lot  in  proportion  to  their  yield  of  milk.     That  is  to 
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say,  instead  of  each  cow  receiving  4  lbs.  of  cake,  and  3^  lbs.  or  4  lbs. 
of  bran,  it  received  more  or  less  than  these  quantities,  in  proportion  fts 
its  yield  of  milk  was  more  or  less  than  the  average  of  the  whole  lot. 
We  shall  consider  the  results  of  this  apportionment  of  the  purchased 
foods  according  to  the  yield  of  milk  at  some  future  time. 

Tables  XII  and  XIII  show  that,  over  the  whole  experimental 
period  of  13  weeks,  the  average  yield  of  milk  of  the  oows  receiving 
clover-silage  was  25  lbs,  12  ozs.  per  head  per  day,  against  27  lbs. 
5  ozs.,  yielded  by  the  cows  receiving  mangels.  This  corresponds  to  a 
difference  over  the  whole  period  of  14  gallons  per  head,  or  of  281 
gallons  in  the  lot  of  20  cows,  in  favour  of  those  receiving  mangels. 

It  is  probable  that  part  of  this  ^if^erence  was  due  to  the  fact  tbii 
two  of  the  cows  brought  into  the  mangel  lot  during  the  progress 
of  the  experiment  (Nos.  21  and  40),  turned  out  to  be  much  better 
milkers  than  any  two  brought  ii^to  the  silage  lot.  But  it  is  probable 
that  it  was  also  in  part  due  to  the  more  succulent  mangels  being  a 
more  appropriate  addition  to  the  dry  food  for  milking  cows,  than  so 
much  silage,  which  contained  nearly  twice  a^  high  a  percentage  of 
dry  substance  as  the  mangels.  That  this  was  so  would  appear  from 
^he  fact  that  the  cows  on  the  silage  drank  an  average  of  abont 
1 J  gallon  more  water  per  head  per  day  than  those  on  the  n^angels. 

Upon  the  whole  the  evidence  points  to  the  conclusion  that  if  a 
portion  of  the  dry  matter  of  the  clover-silage,  s^y  one-fifth  or  more, 
had  been  replaced  by  a  corresponding  amount  in  mangels,  not  onlj 
would  some  of  the  cows  have  consumed  the  silage  better,  but  such  a 
mixture  would  doubtless  have  been  more  appropriate  for  nulk-yielding. 
It  was  feared,  however,  that  if  a  mixture  of  the  two  foods  to  be  com- 
pared were  given,  the  results  might  not  be  sufficiently  distinct.  It 
may  be  added  that  the  general  impression  among  the  attendants  was 
that  the  cows  on  the  clover-silage  showed  more  tendency  to  fatten 
than  the  others ;  whilst,  as  a  matter  of  fact,  they  did  give  rather  more 
increase  in  live- weight.     To  this  point  we  shall  recur  further  on. 

It  will  be  seen  that  the  anticipation  we  expressed  that  there  would 
be  considerable  difficulty  in  getting  strictly  comparable  results  in 
experiment^  with  dairy  cows  has  been  fully  realised.  But,  as  the 
whole  of  the  data  are  now  before  the  reader,  he  can  form  his  own 
ponclusiions  resp^cting  them. 
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EXPERIMENTS   WITH   COWS. 

Table  XI. — ^Ayerage  Food  Consumed  per  Head  per  Day. 
13  Weeks  ;  December  14, 1884,  to  March  14, 1885. 


Week  ending 


Average  food  given  per  head  per  flay. 


Cake* 


Bran. 


Chaff. 


Clover- 
Bilage.f 


MangclB.;( 


Total  food 

weighed 

off. 


Lot  1. —  20  Cows ;   Eosperimental  Food — Clover-silage. 


1884-5. 
Deo.  201      .... 

„    27U  .... 
Jan.     3  J      .... 

,»    10 

«     17 

H     24 

H    81 

JWk    7 

A4 ........ 

21 

n      28 

liar.    7 

14 


n 


» 


Per  head  per  day. ...        —  — 


IbB. 

IbB. 

lbs. 

lbs. 

4 

8* 

6i 

42^ 

4 

3* 

9i 

44i 

4 

8^ 

10 

46i 

4 

3* 

10 

481 

4 

3* 

10 

50 

4 

3* 

10 

50 

4 

8^ 

10 

50 

4 

3i 

10 

50 

4 

3i 

10 

50 

4 

3* 

10 

50 

4 

8J 

10 

50 

4 

4 

10 

50 

4 

4 

10 

50 

— 

— 

lbs. 
13i 
81 
4i 
(3)  13i 
0 
0 
0 
6 
0 

(1)  5J 

(2)  7 
(2)    2 

0 


! 


IbB. 

410i 
0 
0 
0 
0 
0 
0 
0 
0 
0 

415 

307 

853 


Of 


Lot  2. 

1884-5. 
Deo.  201  I, 

\     27/" 

Jan.     8 

„     10 

„     17 

„     24 

„     81 

Feb.    7 :...... 

„     14. 

»     21 

^     28 

Mar.    7. 

,»     14 

Per  head  per  day. . . . 


: — 20  Cows;  Experimental  Food — Mangels, 


IbB. 

IbB. 

lbs. 

IbB. 

4 

3i 

11 

— 

4 

8^ 

lOf 

— 

4 

3* 

10 

4 

8* 

10 

— 

4 

3i 

10 

4 

31 

10 

4 

3^ 

10 

— 

4 

3* 

10 

4 

3i 

10 

4 

8i 

10 

4 

3f 

10 

— 

4 

4 

10 

— 

4 

4 

10 

— 

— 

— 

— 

IbB. 
75 
75J 
80 
80 
82| 
90 
90 
^ 
90 
90 
90 
90 
90 


lbs. 


*  December  14  to  Jai^u^ry  5,  half  linseed,  and  hall  decorticated  cotton-cake ; 
afterwards  decorticated  cotton-cake  only. 

t  Second-crop  clover-silage,  December  14  to  January  10;  afterwards  first-crop 
clover-silage. 

X  First  three  weeks  some  mangels  were  supplied  to  all  the  silage-fed  cows ;  the 
figures  in  parentheses  show  the  number  of  cows  receiving  mangels  at  other  periods. 

§  Averages  for  19  cows  only  ;  cow  No.  19  various  foods. 

II  Averages  for  19  cows  only ;  cow  No.  35  various  foods. 
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EXPEBIMBSI8 
Table  XIL^Yield  of  Ma 

Lot  1.— 20  Cm 


Names  of  cows. 


Date 

of 

caliriog. 


First 
milked. 


1 

1884.      I       1884. 
;Oct.      28,Oct.     291 


1.  Strawberry .... 

2.  PhcBbe* !Mar.    31' Apr. 

3.  Isabellaf Sept.      2,Sept. 

4.  Penelope 


6.  Beautjt 

6.  Joan  of  Arc 

7.  Bothamsted  Maid 

8.Parodj 

9.  Queen  Bess 

10.  Cherry  Ripe 

11.  Granny  

12.  Helen 

13.  Polly 

14.  SaUy 

15.  Wonder§ 

16.  Fairy  Queen || .... 

17.  Buttercup 

18.  Narcissus^ 


Aug.    19jAug.    21 


June      6  June    10 


jSept. 

Sept. 

Nov. 

Aug. 

Oct. 

Aug. 

Nov. 

June 

Nov. 

July 

Feb. 
Oct. 

June 


19.  Lucy   . . . . 

20.  Victoriaf 


290ct. 
23  Oct. 
2iNov. 
ITJAug. 
17,0ct. 
ISlAug. 
I81N0V. 


19 

20 

22 

24 

2 

22 


Dec.       9 
Sept.      9 


June 
Nov. 

July 

Feb. 
Oct. 

June 


Average  milk  per  head  per  day. 


Prior  to  experiment. 


From 


Previous 
I  .    10  weeks 


lbs. 

47 

36 

22 

29 


oz 


lb«. 
13  (48 
7  i  17 


5 

8 


29  11 


1 
1 

5\ 
21 
21 
19 
19 
20 
21 

23 

26 
4  32 

24  22 


33 
24 
39 
32 
45 
26 
35 
36 
39 


5 

3 

11 

0 

3 

7 

3 

14 

11 


21  10 


36 


0 
12 

10 


Dec.  13 
Sept.  10 


Average  .... 


(37   8) 
39   3 


33 


20 
25 

23 

33 

23 

(40 

29 

(45 

24 

(36 

28 

(41 

19 

23 
32 


oz. 
10) 
11 
6 
13 


10 
9 

0) 

2 

14) 
13 
12) 

0 
15) 

6 

8 
10 


16  10 

(37   8) 
37   5 


30 


Last 

week 

(or  less). 


llW.  Of. 

45  11 

12  8 

19  2 

20  7 

18  12 

29  15 

16  12 

38  7 

21  15 
41  2 


20 
35 
22 
41 


3 
6 
3 
1 


14  15 


20 
35 


4 

0 


10   8 

(37   8) 
30   0 


26   9 


Experimental  peiioi 


Week  ending 


Dec. 
20. 


Ib«.     OS. 

40  3 
11  11 

17  12 

19  12 

16     6 

25  7 
16     O 

35  15 
23  2 
87  14 

20  12 
29  7 
20  12 

36  2 

13     1 

18  5 

32  5 

6  10 

33  3 

26  8 


Dec. 
27. 


24    1 


lbs.    tt. 
39     1 
11  14 
16    8 
20    7 

16    6 

24  1 
16  1 
34  11 
22  14 
86     3 

20  12 
34    0 

21  6 
41     2 

14  14 


17  14 
93  0 
2  12 
28  7 
40  11' 
26  14 


26    8 


is: 


*  Replaced  January  11th,  by  Ann,  calved  January  3rd. 
t  Bought  as  newly -calved  at  this  date;  exact  date  of  calving  not  knoiwR. 
X  Replaced  February  6th,  by  Gypsy,  calved  January  30th ;  Qypty  (ill)  xvplaoed  Febnaiy 
16th,  by  Rosemary,  calved  February  12th. 
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[TH  COWS. 

•  Head  pbr  Day  (lbs). 

9erimental  Food — Clover-silage. 


Average  milk  per  head 

per  day. 

• 

Summary  for 

ex- 

perimental  period. 

Experimental  period. 

13  weeks, 
Dec.  14— Mar.  14. 

Week  ending 

Aver- 
age 
per 
oay. 

■A.   Jan. 

Jan. 

Jan. 

Feb. 

Feb. 

Feb. 

Feb. 

Mar. 

Mar. 

Total  yield. 

10.   17. 

• 

1 

24. 

31. 

7. 

14. 

21. 

28. 

7. 

14. 

B.  «fcPf.  OK. 

lbs.  OK. 

lbs.  oz. 

Ibe.  oz. 

1b«.  oz. 

lbs.  oz. 

lbs.  oz. 

Ibi.  oz. 

Iba.  oz. 

lbs.  oz. 

lbs. 

g&Us. 

s  f  m  13 

35  6 

36  9 

36  5 

35  4 

34  10 

33  7 

33  4 

31  11 

35  15 

32711 

317 

)  5 

85.  4 

37  1 

39  11 

38  6 

38  1 

36  2 

36  6 

35  13 

33  3 

28  14 

26241 
1461} 

254 

1  6 

16  7 

15  11 

15  11 

15  9 

15  14 

15  8 

15  12 

15  12 

15  4 

16  1 

142 

»  6 

19  11 

19  6 

19  8 

19  7 

19  0 

18  8 

17  13 

15  15 

15  8 

18  13 

17121 

166 

»  8 

14  1 

13  8 

12  12 

fl2  1 
114  11/ 

13  7 

ri7  151 
128  15/ 

32  13 

33  4 

33  4 

19  11 

1794 

174 

18 

21  8 

21  11 

21  0 

19  12 

19  15 

19  15 

19  6 

18  13 

18  1 

21  3 

19261 

186 

8 

15  5 

14  13 

14  2 

13  15 

13  7 

12  15 

12  9 

11  14 

11  4 

14  2 

12871 

125 

1  9 

33  5 

33  8 

33  3 

33  8 

32  0 

31  7 

31  0 

30  6 

29  13 

32  10 

29701 

287 

i  8 

21  13 

20  11 

19  14 

18  15 

18  1 

16  15 

15  15 

14  13 

12  12 

19  4 

I750i 

169 

•  14 

33  9 

32  11 

32  13 

32  0 

31  12 

31  2 

31  6 

31  6 

31  2 

33  3 

3017i 

292 

^  18 

17  11 

16  15 

17  10 

18  5 

16  16 

15  5 

13  10 

14  15 

14  2 

17  6 

15791 

153 

r  4 

31  6 

29  8 

27  12 

28  8 

27  11 

28  9 

26  11 

2^14 

25  2 

29  3 

2653^ 

257 

»  11 

21  3 

20  15 

20  5 

20  10 

20  3 

20  4 

20  1 

19  14 

19  7 

20  9 

1871 

181 

r  10 

44  6 

44  0 

44  15 

45  10 

46  2 

46  13 

44  1 

44  10 

43  12 

43  11 

3978i 

385 

t  7 

12  13 

12  2 

12  12 

13  9 

13  4 

13  10 

14  1"! 

117  0/ 

20  6 

21  .4 

14  11 

1335i 

120 

'  16 

19  2 

19  6 

18  10 

19  4 

19  8 

19  10 

18  13 

18  15 

17  8 

18  11 

17011 

165 

►  6 

32  11 

82  7 

33  15 

32  12 

32  9 

33  10 

32  12 

33  0 

32  13 

32  8 

2956 

286 

t  4 

34  10 

35  1 

34  0 

31  15 

30  4 

30  15 

28  9 

24  11 

24  11 

28  6 

25801 

260 

1  8 

43  10 

44  7 

43  13 

43  3 

44  1 

44  12 

44  6 

42  14 

42  10 

42  8 

3865i 

374 

ris 

28  13 

28  6 

29  9 

28  14 

28  11 

28  2 

28  7 

27  0 

25  5 

27  12 

2526]^ 

245 

s  % 

26  11 

26  6 

26  7 

26  3 

25  13' 

26  4 

26  0 

25  12 

24  15 

25  12 

2343i 

227 

§  Replaced  February  25th,  by  Daffodil,  calved  February  20th. 

II  Slipped  calf  October  16th,  but  continued  milking. 

%  Beplaced  December  23rd,  by  Kate,  calved  December  20th. 


44 


EXPERIMENTS  ON  ENSILAOE. 


EXPEHIMEin 

Table  XIIL— Yim( 

Lot  2.— 20  C* 


Names  of  cows. 


Date 

of 
calying. 


1884. 

21.  Susan* June 

22.  Countess Nor. 

23.  Nina Oct. 

24.  Jane Not. 

25.  Charmer Aug. 

26.  Nancyt Sept. 

27.  NeUy Dec. 


First 
milked. 


28.  Princess; 

29.  Bright  Eye 

80.  Darling 

81.  Empress 

32.  JuUa 

38.  Scrutable 

84.  May  Day 

35.  Liddy 

86.  Welcome 

87.  Ne  plus  ultra§. . . 

88.  Cowslipll 

89.  Busset  Belle  ... 


40.  Ophirf 


April 

iJune 

iJuly 

lOct. 

Nov. 

Nov. 

July 

Dec. 

Nov. 

July 

April 

March  18 

July    26 


12 
23 
31 
29 
30 
9 
2 

29 

17 

5 

18 

16 

3 

4 

11 

24 

1 


1884. 

June  14 

Nov.  28 

Nov.  8 

Nov.  30 

Sept.  3 

Sept.  10 
Dec. 


May 

June 

July 

Oct. 

Nov. 

Nov. 

July 

Deo. 

Nov. 

July 

April 

March  20 

August  1 


23 

5 

21 

17 

6 

6 

14 

28 

5 


Average  •  •  •  • 


Average  milk  per  head  per  day. 


Prior  to  experiment. 


From 
calving. 


Previous 
10  weeks 
(or  less). 


lbs. 
28 
45 
37 
23 
36 
30 
39 


oz. 
5 
8 
0 

15 
8 

15 

12 


22      8 


32 
34 
40 
27 
35 
27 

45 
30 

31 

38 

34 


10 

12 

6 

0 

15 

4 

12 

15 

9 
9 


83     14 


Ibfl. 

18 
(45 
(37 
(24 

33 

28 
(41 

17 

28 

29 

(40 

(29 

(36 

22 

(46 
23 

21 

27 


oz. 

4 

7) 
0) 
0) 
2 

5 

0) 

6 

0 
6 

12) 

4) 
6) 
7 

8) 
6 


9 


28      6 


30      6 


Last 
week. 


lbs.  OS. 

11  7 

46  1 

34  10 

27  5 

26  1 

21  10 

41  0 

13  1 

25  15 

23  8 

37  0 

34  10 

83  9 

21  11 


46 
20 


5 
5 


15  13 
21  0 
20      3 


27      7 


Experimental  period. 


Week  ending 


Deo. 
20. 


lbs.  OS. 

10  1 

44  10 

32  5 

29  9 
24  12 
13  15 
40  15 

12    7 

26    4 

21  18 
38  12 

30  15 

81  8 

22  7 

82  12 
47  18 
20    6 

18  4 

19  14 
19    8 


26  14 


10  9 

23  15 

21  0 

88  8 

82  18 

29  15 

29  6 

48  0 

47  8 

21  1 

1$  14 

Id  4 

17  10 


SI 
St 
S6 
H 
90 
44 
SQ 

14 
19( 

U4 


26 


TJiTl 


*  Beplaced  January  11th,  by  Dewdrop,  calved  January  6th. 

t  Bought  as  newly-calved  at  this  di^te;  exact  date  of  oalving  not  known.    Bcfb 

February  22nd,  by  Gypsy,  calved  Jfmuary  80th.    (See  Note  X»  Lot  1). 
X  Beplaoed  January  24th,  by  Emma,  calved  January  2nd. 
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a  COWS. 

PBB  Head  per  Day  (lbs.). 

intefUal  Food — Mangels, 


Average  milk  per  head  per  daj. 

Summary  for  ex- 

perimental |)eriod. 

18  weeks, 

Experimental  period. 

Dec.  14— Mar.  14. 

Week  ending 

. 

Aver- 
age 
per 
clay. 

.  1  Jan. 

Jan. 

Jan. 

Feb. 

Feb. 

Feb. 

Feb. 

Mar.  1  Mar. 

Total  yield. 

L" 

24. 

31. 

7. 

14. 

21. 

28. 

7.  i  14. 

1 

■-Wtb  OS. 

11».  OS. 

Ibc.  oz. 

lbs.  oz. 

Ibi.  oz. 

Ibe.  oz. 

Ibe.  oz. 

lb*,  oz.  lbs.  oz. 

Ibe.  oz. 

n». 

galls. 

SjU  10 

48  14 

51  0 

53  3 

54  7 

52  4 

51  0 

49  9 

47  12 

37  11 

34321 

382 

16  IS  7 

40  10 

40  2 

39  12 

39  3 

37  4 

38  14 

38  2 

38  12 

39  10 

8608i 

349 

7 

Si  10 

30  14 

81  8 

31  6 

31  1 

30  8 

29  15 

28  10 

27  15 

30  10 

2789 

270 

10 

81  11 

30  12 

30  8 

31  3 

31  2 

31  0 

30  15 

29  18 

28  12 

30  5 

27591 

267 

A 

21  12 

20  11 

20  7 

20  12 

20  3 

21  1 

20  3 

19  3 

19  8 

21  6 

1944} 

188 

IS 

11  4 

10  9 

10  9 

10  8 

10  0 

9  0 

17  14 

20  14 

20  5 

13  6 

1216i 

118 

7 

88  2 

33  11 

39  8 

34  15 

34  8 

34  5 

34  14 

33  6 

34  7 

36  6 

3298i 

319 

0 

4  0 

24  4 

12  0 

18  15 

20  15 

20  7 

21  3 

20  11  20  9 

14  1 

12791 

124 

8 

2i  13 

23  0 

23  6 

22  14 

22  0 

22  15 

21  11 

21  8 

23  4 

21151 

205 

L2 

20  V 

20  15 

19  15 

21  1 

21  0 

20  12 

26  6 

29  0 

29  10 

22  9 

2054i 

199 

e 

84  4 

32  12 

32  10 

34  3 

33  4 

32  5 

33  12 

83  12 

32  1 

34  4 

31161 

302 

4 

80  5 

29  6 

27  14 

26  13 

25  7 

24  10 

25  9 

27  10 

27  11 

28  7 

2589 

251 

L4 

26  0 

25  5 

23  11 

24  10 

22  12 

22  12 

22  4 ,  21  13 

21  14 

24  14 

2266^ 

219 

4 

21  4 

21  4 

19  8 

19  11 

20  5 

19  14 

19  o:i8  1 

17  6 

20  7 

18601 

180 

t4 

40  6 

44  5 

48  12 

49  15 

44  7 

45  6 

47  11  47  13 

.49  1 

46  3 

4201 

407 

9 

40  13 

39  10 

35  10 

35  12 

35  14 

34  2 

32  12 

30  0 

29  11 

37  13 

3443^ 

383 

1 

17  7 

16  7 

12  5 

10  14 

34  5 

36  8 

35  10 

37  0 

34  11 

24  8 

2202i 

213 

U 

6  0 

/  5  8' 

In  0' 

20  5 

23  10 

23  7 

22  12 

21  13 

21  9 

20  10 

17  7 

1589i 

154 

14 

16  14 

16  13 

16  10 

15  15 

16  4 

16  3 

14  15 

15  10 

15  14 

17  1 

1551i 

150 

14 

13  8 

12  4 

11  3 

129  11/ 

43  12 

44  12 

47  6 

47  0 

48  3 

26  14 

2444f 

287 

6 

26  7 

25  7 

26  6 

27  2 

1 

29  4 

28  14 

29  12 

29  9 

29  5  27  5  24881 

241 

§  Replaced  February  8th,  by  Butterfly,  calved  February  8rd. 

II  Beplaoed  January  24th,  by  Rose,  calved  January  Ist. 

%  Replaced  February  6th,  by  Milkmaid,  calved  February  4tL. 
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We  will  next  give  the  results  obtained  on  changing  from  clover- 
silage  to  meadow-grass-silage : — 

On  March  14  the  experiment  with  cows  on  clover-silage  t«Tninftted, 
and  that  on  meadow-grass- silage  at  once  commenced,  and  was  con- 
tinned  for  a  period  of  six  weeks.  In  order  not  to  interfere  with  the 
yield  of  milk  by  a  sadden  change  of  food,  a  mixture  of  three  parts 
clover-silage  and  one  part  grass-silage  was  given  during  the  first 
seven  days,  and  a  mixture  of  half  clover-  and  half  grass-silage  during 
the  next  seven  days,  after  which  grass-silage  only  was  given. 

Table  XIV  shows  the  average  amounts  of  the  difPerent  foods  con- 
sumed per  head  per  day.  within  each  week,  by  each  of  the  two  lots  of 
20  cows. 

expebiments  with  cows. 

Table  XIV. — Average  Food  Consumed  per  Head  per  Day. 
Second  Period  ;  Six  Weeks,  March  15  to  April  25. 


Average  food  given  per  head  per  day. 


Week  ending 


Cate. 


Bran. 


Chaff.* 


Siiikge. 


MangelB.t 


Total  food 
weighed 
off. 


Lot  1. — 20  Cows ;  Part  Clover-silage,  part  Meadow-grasS'silage. 


1885. 
March  21 

lbs. 
4 
4 
4 
4 
4 
4 

lbs. 
4 
4 
4 
4 
4 
4 

lbs. 
8 

;♦ 

7 

7 

lbs. 
50 
50 
50 
50 
42| 
41f 

lbs. 
(1)  llf 

(1)  20 

(2)  20 
(4)  Uf 

(20)     6f 
(20)  17f 

Ibo. 
406 

April      4 

197 
829 

11 

895 

18 

434 

»>       ■*■'-'  •••••••••• 

25 

w: 

>»       **" 

Average   per    head  "1 
per  day j 

« • 

.  • 

•  • 

•  ■ 

■  •' 

2-19 

Lot  2. — 20  Cou^s ;  Mangels  di  before. 


March  21 

4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 

10 
10 
10 
10 
10 
10 

— 

90 
90 
90 
90 
90 
90 

,.     28 

April      4 

11 

40 

18 

25 

If       *""  .....•.»•• 

Average    per   head! 
per  daj J 

•  • 

•  • 

•  • 

•  • 

• 

•  • 

O-06 

*  i  hay  and  i  oat  straw, 
t  The  figures  in  parentheses  show  how  many  cows  received  mangeU. 
X  During  this  period  most  of  the  unconsumed  food  was  distribatod  anioiig  tht 
other  cows  of  the  lot,  and  consumed. 
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« 

It  will  be  seen  that  both  lots  received  the  same  amount  of  cotton- 
kke  and  bran  as  before ;  and  Lot  2  also  the  same  amount  of  chaff  and 
angels  as  before.  In  fact,  there  was  no  change  whatever  in  the 
od  of  the  20  cows  receiving  mangels.  The  cows  receiving  silage 
ere  also  at  first  supplied  with  the  same  amounts  of  both  chaff  and 
laofe  as  before;  but  they  did  not  consume  them,  and  it  was  found 
jcessary  to  reduce  the  quantity  of  chaff,  until,  during  the  last  three 
eeks  of  the  period,  the  allowance  was  only  7  lbs.  instead  of  10  lbs. 
.'r  head  per  day ;  and  during  the  last  fortnight  the  amount  of  silage 
as  reduced  by  nearly  one-fifth,  and  some  mangels  were  given  to  all 
stead  of  only  to  a  few,  of  the  cows  receiving  silage.  It  will  be 
)served,  indeed,  that  throughout  the  experiment  a  good  deal  of  food, 
liefly  silage  and  chaff,  was  left  unconsumed. 

In  the  case  of  the  experiment  with  clover-silage  as  against  mangels, 

was  concluded  that  the  silage^  when  given  to  cows  in  quantity  con- 
bining  an  amount  of  dry  matter  corresponding  to  that  in  the  mangels, 
as  not  so  suitable  for  milk  production  as  the  succulent  mangels, 
rhich  only  contained  about  half  the  percentage  of  dry  matter,  and  a 
erymuch  less  proportion  of  woody  fibre.  It  was  also  concluded 
lat  probably  a  better  result  would  have  been  obtained  if  a  smaller 
aantity  of  the  silage,  with  some  mangels,  had  been  given.  The 
leadow-gtass-silage  contained  a  still  higher  pei*centage  of  dry  matter 
lan  the  Clover-silage,  and  no  doubt  a  much  higher  percentage  of 
oody  fibre.  It  also  contained  only  about  two-thirds  as  much 
itrogen  as  the  clo ver- silage ;  though  the  quantity  of  it  consumed 
)ntributed  nearly  as  mtich  nitrogen  as  the  quantity  of  mangels  con- 
imed  by  the  other  cows ;  and  doubtless  th^  silage  supplied  a  larger 
[nonnt  of  albuminoid  nitrogen  than  the  mangels,  that  is,  a  larger 
mount  in  a  condition  available  as  food. 

It  is  not  to  be  wondered  at,  therefore,  that  with  silage  containing 
ill  more  dry  matter,  and  especially  still  more  woody  fibre,  the  cows 
lould  not  consume  so  much,  and  that  they  should  also  require  much 
»8S  chaff. 

Table  XV  (p.  48)  shows j  for  each  of  the  20  cows  receiving  the 
leadow-grass-silage,  the  average  yield  of  milk  per  day,  during  each  of 
X  weeks  of  the  experiment ;  and  Table  XVI  (p.  49)  shows  the  same 
articulars  for  the  20  cows  receiving  mangels.  In  each  case,  there  is 
l.so  given  the  average  yield  per  day  during  the  preceding  13  weeks 
F  those  of  the  cows  which  had  gone  through  the  whole  of  the 
revious  experiment,  or  for  a  shorter  period  for  those  which  had  been 
ronght  in  during  its  progress;  also  the  average  yield  during  the 
nmediately  preceding  week.  Finally,  there  is  given  the  average 
ield  per  day,  and  the  aggregate  yield  (both  in  lbs.  and  in  gallons), 
f  each  cow,  and  of  each  lot,  during  the  whole  period  of  six  weeks 
f  the  second  experiment 
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50  EXPERIMENTS  ON  ENSILAGE. 

In  the  first  place,  Table  XV  (p.  48)  shows  that,  of  the  20  cows  on 
silage,  four  became  dry  during  the  experiment ;  one  in  the  second,  two 
in  the  fourth,  and  one  in  the  fifth  week,  and  they  were  replaced  by 
others;  three  out  of  the  four  of  which  gave  a  higher  yield  of  milk 
than  the  average  of  the  lot.  Table  XVI  (p.  49)  shows  that,  of  the 
20  cows  on  mangels,  three  became  dry,  one  in  the  fifth,  and  two  in 
the  sixth  week ;  and  they  were  in  each  case  replaced  by  others  which 
yielded  more  than  the  average  of  the  lot. 

In  the  week  prior  to  the  commencement  of  this  second  experiment, 
the  average  yield  of  the  silage- fed  cows  was  nearly  3|  lbs.  per  head  per 
day  less  than  that  of  the  cows  on  mangels ;  and  although  during  the 
six  weeks  of  the  experiment  the  cows  receiving  the  meadow -grass- 
silage  gave  a  less  actual  quantity  of  milk  than  those  on  mangels,  thej 
*  fell  off  in  yield  less,  and  gave,  on  the  average  of  the  whole  period, 
only  2  lbs.  instead  of  as  at  the  beginning  nearly  8|  lbs.  less  milk  per 
head  per  day  than  the  mangel-fed  cows.     Both  lots  fell  off  in  yield 
during  the  fourth  week,  probably  under  the  influence  of  the  weatlier. 
But  whilst  the  silage-fed  coWs  recovered  again  in  the  next  week,  em- 
cidently  with  a  reduction  in  the  amount  of  silage  and  its  i*eplaceBeof 
by  some  mangels,  aided  by  the  introduction  of  fresh  cows,  thiw  on 
mangels  did  not  recover  until  a  week  later,  and  then  not  to  tieir 
original  yield,  notwithstanding  three  high-yielding  cows  had  becB 
brought  in. 

So  far  as  the  yield  of  milk  is  concerned,  the  evidence  is,  therefore, 
not  Adverse  to  the  silage,  when  used  in  moderate  quantity,  acoordiDg 
to  the  amount  of  solid  and  digestible  matter  it  contains. 

In  the  first  experiment)  the  cows  receiving  clover-silage  in 
rather  large  amount  gave  rather  less  milk  than  those  on  mangels; 
but)  on  the  other  hand,  they  gave  a  considerable  increase  in  live- 
weight,  whilst  those  on  mangels  as  a  whole  lost  in  weight.  Owing  to 
the  numerous  changes  in  the  cows  during  the  course  of  the  experi- 
ments, it  happens  that  there  are  only  12  of  the  original  silage-fed 
cows,  and  only  11  of  the  original  mangel-fed  cows,  the  weights  ot 
which  can  be  traced  through  both  periods  of  experiment.  The  oowi 
were  weighed  soon  after  the  commencement  of  the  experiment  with 
olover-silage,  in  December,  1884  ;  again  at  the  end  of  that  experiment, 
when  that  with  the  meadow-grass-silage  commenced  ;  and,  lastly,  st 
the  conclusion  of  the  second  period.  We  do  not  propose  to  enter  folly 
into  the  subject  of  the  increase  or  loss  in  weight  of  the  animals  oo 
the  present  occasion,  but  only  to  refer  to  the  general  character  of  ih^ 
results  in  their  connection  with  the  greater  or  less  yield  of  milk  faj 
the  different  lots,  over  the  different  periods. 

As  already  said,  the  cows  on  clover-silage  increased  in  weight  cos- 
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trablj,  and  of  the  12  of  the  origiDal  20  which  continued  throng];^- 
botli  experiments,  every  one  increased  when  on  the  clover-silage, 
the  other  hand,  of  the  11  of  the  mangel-fed  cows  which  remained 
>aghont  the  two  periods,  only  4  increased  during  the  first  period, 
.  on  the  average  the  lot  lost  in  weight.  During  the  second  period, 
rever,  when  the  meadow-grass-silage  was  used,  only  3  of  the  12 
-8  increased  at  all,  two  of  them  very  little,  and  the  lot  as  a  whole 
in  weight  considerably ;  whilst  of  the  11  cows  of  the  mangel  lot, 
>w  increased,  and  the  lot  as  a  whole  increased  in  weight, 
'rom  the  whole  of  the  results  of  the  experiments  on  the  feeding  of 
8  with  silage,  it  would  appear  that  the  clover-silage  given  in  such 
;e  quantity  was  more  favourable  for  meat-production,  and  less  for 
c-prod action,  than  the  mangels.  On  the  other  hand,  when  the 
do w-grass- silage  was  used,  the  animals  did  not  give  more  milk, 
they  lost  in  weight.  There  can  be  no  doubt  that  the  grass-silage 
inferior  as  food  to  the  clover-silage ;  and  it  is  to  be  supjj^osed  that 
^vourable  maintenance  in  the  yield  of  milk  on  the  grass-silage 
ipared  with  that  of  the  cows  on  mangels  over  the  same  period,  is 
ay  rate  partly  to  be  attributed  to  a  drain  on  the  flesh  and  fat  pre* 
laly  stored  np  by  the  animals.  So  far  as  this  may  ^ake  place,  it 
onsly  does  not  necessarily  follow  that  there  will  be  an  immediate 
ng  off  in  the  yield  of  milk  on  changing  to  an  inferior  food.  It  i^ 
wn  that  a  badly-fed  cow  will  reduce  in  condition  very  much  when 
:]ing  a  calf ;  and  the  same  thing  may  happen  when  the  cow  is 
:ed.  In  fact,  the  comparative  values  of  different  foods  for  cows 
lot  be  measured  by  the  yield  of  milk  alone ;  bat  the  increase  pr 
in  weight  must  also  be  taken  into  account. 

-Chai^acteb  and  Composition  op  th?  Milk  from  the  Different 

Foods. 

wing  to  the  large  an^ount  of  additional  work  in  the  Bothap:iste4 
oratory  in  connection  with  other  branches  of  the  ensilage  experi- 
its,  it  was  found  impossible  to  devpte  sufficient  time  and  attention 
btain  a  complete  series  of  comparative  analyses  of  the  milk  yielded 
ihe  COW8  on  the  different  foo^s.  Still,  su^cieut  has  been  done 
jrly  to  indicate  the  comparative  characters  of  the  different  milks, 
able  XYll  (p,  52)  shows  the  percentfige  of  total  splids,  in  13 
iples  of  the  morning  milk,  of  each  of  the  two  lots  of  cows,  taken 
itervals  daring  the  10  weeks  from  January  14  to  March  25 ;  Lot  1 
ing  silage,  and  Lot  2  mangels  containing  a  corresponding  amount 
iry  matter ;  each  lot  having  the  same  amount  of  other  foods  in 
ition.  The  table  also  shows  the  percentages  of  mineral  matter,  or 
in  the  last  eight  samples  for  each  lot. 
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Table  XVII.— Percentages  of  Total  Solids,  and  Mihesal  MAim 
(ash),  in  the  Morning  Milk  of  the  Cows. 

liot  1. — Silage.        Lot  2. — Mangels. 


Dates. 


A.X. 

January  14  .... 

„        19.... 

„        21.... 

„        26.... 

„        28.... 

February  9  . . . . 

„        11.... 

„        23  .... 

„        26  .... 

3farch       9  . . . . 

11  .... 

28.... 

26  .... 

Mean 


Total  Bolida. 


Lotl. 

Silage. 


Per  cent. 
12  13 
12  01 
11-96 
11-96 
11-80 
11-86 
11-87 
11*92 
11-77 
11-94 
11-91 
11-93 
12-02 


11-93 


Lot  2. 

Mangels. 


Percent. 
12-36 
12-12 
12-86 
12  06 
12  30 
12  19 
12-16 
12  16 
12-12 
12-21 
12-86 
12-62 
12-68 


12-27 


Mineral  matter  (iih). 


Lot  1. 

Silage. 


Per  oent. 


Lett 

Mangdf. 


PereenL 


0-72 


0-76 

0-78 

0-79 

0-77 

0-61 

0-85 

0-72 

0-71 

0-71 

o-n 

0-71 

0*71 

0-73 

0-71 

0-71 

O-n 

o-n 


Table  XYIII  (p.  53)  shows,  not  only  the  percentages  of  total  solids 
and  of  mineral  matter,  bnt  also  the  percentages  of  bntter-i^t,  and  the 
specific  g^vitj,  of  both  the  morning  and  the  evening  milk  of  each  lot  of 
cows,  on  SIX  different  days  from  April  7  to  April  22.  It  may  be  stated 
that  the  percentage  of  fat  was  frequently  determined  by  Maichand's 
lacto-butyrometer ;  bat  the  results  given  in  the  table  are  calcolated 
by  Fleischmann  and  Morgen's  formula,  from  the  amonnt  of  total  solids, 
and  the  specific  gravity.  The  results  obfaine^  by  the  lacto-bntyrometer, 
although  very  useful,  are  admittedly  only  approximative;  and,  ts 
Dr.  P.  Vieth  has  shown  by  a  very  comprehensive  investigation  of  tbo 
subject,  the  deviations  from  the  amounts  as  determined  by  more 
exact  methods,  are  greater  in  the  case  of  results  obtained  bj  it,  tlua 
in  those  obtained  by  calculation  from  the  total  solids  and  the  apecifis 
gravity. 

Referring  to  the  resiilts  in  Table  XVII,  it  should  be  observed  thit 
Lot  1  were  receiving  clover-silage  during  the  periods  of  saoqtlu^ 
from  January  14  to  March  11,  and  a  mixture  of  cloyeivsilage  and 
meadow-grasB-Bilage  when  the  samples  of  March  23  and  Maiob  wa 
were  taken.  They  were  also  receiving  meadow-grass-silage  at  thesis 
peiriods  of  sampling  to  which  the  results  given  in  Table  XYIII  rtf^* 
Lot  2,  however,  received  mangels  throughout. 
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It  is  seen  that  the  mean  percentage  of  total  solids  in  the 
13  samples  of  the  morning  milk  of  the  silage-fed  cows,  taken  from 
January  14  to  March  25,  is  11 '93  against  12*13,  the  mean  of  the  six 
samples  of  their  morning  milk  taken  from  April  7  to  April  22.  Again, 
the  mean  of  the  1 3  samples  of  the  morning  milk  of  the  mangel-fed  cows, 
taken  from  January  14  to  March  25,  was  12*27,  against  12*65  danng 
the  period  from  April  7  to  April  22.  There  was  thns,  in  both  cases, 
an  increase  in  the  percentage  of  total  solids  as  the  season  adyanced. 
But,  as  the  increase  was  even  greater  with  the  mangel-  than  with  the 
silage-fed  cows,  it  is  obvious  that  the  result  is  due  to  the  season,  and 
not,  in  the  case  of  Lot  1,  to  the  change  from  clover-  to  meadow- 
grass-silage. 

StiU  confining  attention  to  the  results  relating  to  the  morning  milk, 
which  is  well  known  to  be  poorer  than  evening  milk,  it  is  seen  that  at 
each  of  the  19  periods  of  sampling  to  which  Tables  XVII  and  XVIII 
refer,  the  milk  of  the  mangel-fed  cows  shows  a  higher  percentage  of 
tot-al  solids  than  that  of  the  silage-fed  cows.  It  also  shows,  almoBt 
without  exception,  a  slightly  higher  percentage  of  mineral  matter. 

Turning  now  to  the  more  detailed  composition,  as  recorded  in 
Table  XYIII,  it  is  seen  that  the  milk  of  both  lots  shows,  on  the  avenge, 
indeed  in  nearly  every  individual  case,  a  slightly  lower  specific  gtvA^ 
in  the  afternoon  than  in  the  morning.  The  afternoon  milk  shows,  on 
the  other  hand,  uniformly  a  considerably  higher  percentage  of  botii 
total  solids  and  butter-fat ;  and  generally  a  somewhat  higher  per- 
centage of  mineral  matter  also.  Thus,  whilst  the  mean  percentage  of 
total  solids  in  the  morning  milk  of  the  silage-fed  cows  is  12*13,  in 
their  evening  milk  it  is  12*77,  or  0*64  higher ;  and  whilst  the  mean  per- 
centage of  total  solids  is  12*65  in  the  morning  milk  of  the  mangel-fed 
cows,  it  is  13*46,  or  0*81  higher,  in  their  evening  milk.  Again,  whilst 
the  mean  percentage  of  butter-fat  in  the  morning  milk  of  the  silage- 
fed  cows  is  2*97,  in  their  evening  milk  it  is  3*64,  or  0*67  higher;  and 
whilst  the  mean  percentage  of  butter-fat  in  the  morning  milk  of  the 
mangel-fed  cows  is  3*15,  in  their  evening  milk  it  is  3*88^  or  0*73  higher. 
It  is  thus  seen  that,  in  the  case  of  both  lots  of  cows,  the  higher  per- 
centage of  total  solids  in  the  evening  milk  very  closely  corresponds 
with  the  increased  amount  of  butter-fat  in  the  evening  milk. 

The  first  three  columns  of  Table  XYlIl,  show  the  average  yield  of 
milk  per  head  of  each  lot  of  cows,  in  the  morning,  in  the  evening, 
and  for  the  whole  day,  at  each  of  the  six  periods  of  the  Bampling  and 
the  analysis  of  the  milk.  It  will  be  seen  that  there  was  littie  more 
than  two-thirds  as  much  of  the  richer  evening  milk  as  of  the  poorer 
morning  milk. 

The  " direct  daily  averages"  of  specific  gravity,  and  of  the  per- 
centagfes  of  total  solids,  butter-fat,  and  mineral  matter,  as  given  in  ibe 
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third  column  of  fcHe  respective  diyisions  of  the  table,  are  calculate 
Prom  the  quantities,  and  the  composition,  of  the  morning  and  the 
evening  milk,  respectively.  According  to  these  resalts,  the  average 
percentage  of  total  solids  in  the  total  daily  milk  of  the  silage-fed  cows 
was,  over  the  six  periods,  12*39,  against  12*99,  or  0*60  higher,  in  that 
of  the  mangel-fed  cows.  And  the  average  percentage  of  bntter-fat 
in  the  daily  milk  of  the  silage-fed  cows  is  3*24,  against  3*45,  or  0*21 
higher,  in  the  milk  of  the  mangel-fed  cows.  There  is  thas  lees 
difiEerenoe  between  the  average  amonnt  of  total  solids  in  the  milk  of 
the  two  lots  of  cows,  than  there  is  between  the  morning  and  evoiing 
milk  of  the  same  cows ;  and  there  is  very  mnch  less  difference  in  the 
average  amonnt  of  butter-fat  in  the  milk  of  the  two  lots,  than  there 
Ls  between  the  amount  in  the  morning  and  the  evening  milk  of  the 
same  cows.  It  may  be  added  that  the  average  percentages  of  total 
solids,  and  of  butter-fat,  agree  very  fairly  with  those  given  by 
Dr.  Vieth  for  the  average  milk  of  the  same  period  of  the  year ;  those 
of  the  silage-fed  cows  being  somewhat  below,  and  those  of  the 
mangel-fed  cows  above  his  average. 

njKW  the  whole,  the  f^nalytical  results  cleariy  show  that  the  milk 
of  the  mangel-fed  cows  throughout  contained  higher  amounts  of  both 
total  solids,  and  butter-|at,  than  that  of  the  silage-fed  cows.  Yet, 
quite  oonsintently  with  tl^e  observation  of  others  on  the  same  point, 
the  milk  of  our  silage-fed  cows  was  judged,  both  by  colour  and  by 
taste,  to  be  richer  than  that  of  the  mangel-fed  cows.  The  milk  of 
the  silage-fed  cows  ppssessed  a  slight,  but  not  at  all  disagreeable, 
flavour,  which  may  be  described  as  hayey^  and  which  could  readily  be 
detected  by  some,  but  not  by  others.  The  butter  from  the  milk  of  the 
silage-fed  cows  was  also  much  yellower  than  that  from  the  milk  of 
the  mangel-fed  cows ;  bnt  there  was  no  perceptible  distinction 
between  the  two  as  to  taste. 

With  these  results  we  clo|e  t^e  recor^  of  our  sjlage  experiments 
for  the  present. 

SUMMABT,  AND   GeKERAJi   CONGLUStONS. 

1.  It  would  require  a  larger  area  of  land  to  obtain  a  given  quantity 
of  dry  substance  of  food  in  crops  grown  for  ensilaging,  than  to 
obtain  the  same  quantity  in  roots. 

2.  The  substitution  of  ensilage-crops  for  roots  on  a  large  scale 
would  necessitate  a  considerable  change  in  the  course  of  cropping. 
It  would  lessen  the  area  under  cleaning  crops,  and  consequently 
lessen  the  area  suitable  for  growing  grain  for  the  market. 

3.  Where  ensilaging  is  only  adopted  instead  of  hay-making,  it  is 
improbable  that  it  will  be  substituted  for  it  entirely,  and  ^  only 
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partially,  the  process  would  only  have  a  comparatively  limited  appli- 
cation. Or,  if  it  be  extended  to  the  natnral  and  artificial  grasses 
nsnally  fed  on  the  land,  an  expensive  mode  of  feeding  wonld  be  sub- 
stitated  for  an  economical  one. 

4.  Neither  in  the  case  of  red-clover,  nor  in  that  of  meadow-grass, 
was  the  loss  of  dry  substance  of  food  in  the  silo  so  great  as  has 
frequently  been  supposed.  It  was,  so  far  as  can  be  judged,  much 
about  the  same  as  in  a  hay  rick. 

5.  There  was  some  total  loss  of  nitrogenous  substance ;  but  there 
was  a  much  larger  amount  of  it  degraded  from  the  albuminoid 
condition  to  compounds  iu capable  of  forming  the  nitrogenom 
substances  of  animal  increase,  or  of  milk. 

6.  The  results  obtained  do  not  confirm  the  conclusion  that  woodr 

m 

fibre  of  a  given  degree  of  induration  is  rendered  more  soluble,  and 
consequently  more  digestible. 

7.  In  a  comparative  experiment  with  fattening  oxen,  a  given 
amount  of  dry  substance  in  red-clover-silage  was  found  to  be 
practically  equal  to  the  same  amount  of  dry  substance  in  a  mixtnre 
of  clover-hay-chaff  and  swedes,  given  in  the  proportion  of  12  parte 
chaff  and  50  parts  swedes. 

8.  The  amount  of  dry  substance  of  food  required  by  a  cow  of 
say  about  1200  lbs.  live-weight,  when  in  milk,  wiU  vary  considenblj 
according  to  the  character  of  the  food,  the  temperature  to  which  the 
animal  is  exposed,  its  yield  of  milk,  and  other  circumstances.  But  it 
will  seldom  be  less  than  2&  lbs.  per  head  per  day,  and  will  seldom 
exceed  30  lbs. 

9.  When  a  milking  cow  is  supplied  with  fair  proportionB  of  chaff 
and  roots,  with  fair  proportions  of  purchased  food,  such,  as  cake  and 
bran,  in  addition,  the  home-grown  food  will  approximately  supply  tlie 
requirements  of  the  animal  for  mere  sustenance,  and  approximately 
the  whole  of  the  purchased  food  will  remain  for  milk  production.  It 
is  a  question  for  consideration,  therefore,  how  far  the  supply  of  the 
purchased  foods  should  be  graduated  according  to  the  yield  of  milk  of 
each  individual  cow. 

10.  In  ordinary  liberal  feeding,  food  is  always  consumed  in  excess 
of  the  amount  which,  according  to  calculation,  is  actually  required  for 
sustenance,  and  for  the  production  of  fattening  increase,  or  of  milk. 

11.  Two  or  three  times  as  much  total  dry  substance,  and  six,  seven, 
or  more  times,  as  much  nitrogenous  substance,  will  be  contained  in 
the  milk  of  a  cow  yielding  3  gallons  per  day,  as  in  the  fattening 
increase  of  an  ox  of  the  same  weight. 

12.  In  a  comparative  experiment  with  milking  cows,  olover-sQage 
was  tried  against  mangels.  Two  lots  of  cows,  of  20  eadi^had  the 
same  amounts  of  cake,  bran,  and  chaff ;  one  lot  reeeiyiiig  besides,  an 
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average  of  nearly  49  lbs.  of  clover-silage,  and  the  other  lot  an  average 
of  nearly  86  lbs.  of  mangels  per  head  per  day.  Over  a  period  of 
13  weeks,  the  cows  having  clover-silage  yielded  an  average  of 
25  lbs.  12  ozs.  of  milk  per  head  per  day,  and  those  having  mangels 
gave  an  average  of  27  lbs.  5  ozs.  per  head  per  day. 

13.  There  was  more  nitrogenous  sabstance,  and  rather  more  total 
dry  substance,  but  more  of  this  was  woody  fibre,  in  the  quantity  of 
clover-silage  consumed,  than  in  the  mangels.  The  silage  was, 
therefore,  when  given  in  sach  large  proportion,  less  suitable  for  milk- 
production  than  the  more  succulent  mangels.  The  result  was  that 
the  cows  on  the  silage  showed  more  tendency  to  fatten ;  and,  in  fact, 
though  giving  less  milk,  they  gained  in  live-weight,  whilst  the 
mangel-fed  cows  slightly  lost  in  weight. 

14.  It  is  probable  that,  if  a  portion  of  the  clover-silage  had  been 
replaced  by  an  amount  of  mangels  containing  a  corresponding 
quantity  of  dry  matter,  the  yield  of  milk  would  have  been  greater, 
and  the  tendency  to  increase  in  live- weight  would  have  been  less. 

15.  In  a  second  experiment  with  the  two  lots  of  cows  of  20 
each,  and  extending  over  six  weeks,  the  same  standard  foods  were 
given  as  before  ;  bat)  in  addition,  the  one  lot  now  received  meadow- 
grass- silage,  and  the  other  mangels  as  before.  Compared  with  the 
clover-silage,  the  meadow-grass-silage  would  contain  still  more  woody 
fibre,  and  it  contained  little  more  than  two-thirds  as  much  nitrogenous 
substance.  It  was  accordingly  found  that  the  ikuimals  would  not  con- 
sume so  much  chafE,  nor  the  whole  of  the  silage  giveii  to  them.  Some 
mangels  were  therefore  given  with  the  silage,  when  they  consumed  it 
better.  Both  lots  of  cows  slightly  declined  in  yield  of  milk  during 
this  period,  the  silage-fed  cows  rather  less  than  the  others.  There 
was,  however,  but  little  difference  in  the  yield  df  the  two  lots ;  but 
whilst  the  silage-fed  cows  now  lost  in  weight,  the  mangel-fed  cows 
slightly  gained. 

16.  When  analysed,  the  milk  of  the  mangel-fed  cows  invariably 
showed  a  higher  percentage  of  both  total  solid  matter,  and  butter-fat, 
than  that  of  the  silage-fed  cows. 

17.  The  afternoon  milk  of  both  lots  of  cows  always  gave  higher 
percentages  of  both  total  solid  matter,  and  butter-fat,  than  the 
morning  milk ;  and  the  excess  of  solid  matter  in  the  afternoon  milk 
very  closely  corresponded  with  its  excess  of  fat. 

18.  There  was  more  difference  in  the  percentage  of  both  total  solid 
matter  and  fat,  between  the  morning  and  the  evening  milk  of  the 
same  lot  of  cows,  than  between  the  milk  of  the  two  lots  taken  at  the 
same  time  of  day. 

19.  There  can  be  no  doubt  that  good  food  may  be  preserved  in  a 
favourable  state  for  future  use  by  being  properly  ensilaged.    But  the 
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resolis  obtained  at  Bothamflted  do  not  faTonr  the  idea  that  produce 
which  is  itself  not  good  food,  can  be  made  good  food  hy  being  ensilaged. 

20.  Good  ensilage,  given  in  such  amount  as  to  snpply  the  sam 
quantity  of  dry  substance  as  would  be  given  in  chafE  and  roots,  is  no 
doubt  a  very  good  food  for  fattening  oxen. 

21.  Gt)od  ensilage,  given  in  less  proportion,  and  in  conjunction  with 
roots,  with  the  ordinary  dry  foods  in  addition,  is  no  doubt  a  very 
good  food  for  milking  cows. 

22.  In  conclusion,  it  is  hoped  that  the  details  which  have  been  given 
of  the  first  year's  experiments  on  ensilage  at  Bothamsted,  will  afford 
some  useful  basis  for  the  consideration  of  those  who  may  be 
deliberating  whether  or  not  to  adopt  the  system. 
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